REMARKS 

Claims 1-6, 8-14, 16, and 30-39 are now pending in the application. Claims 1-6, 8-14, 
16, and 30-39 are rejected and claims 3 and 11 are objected to. Claims 1, 3, 8, 10, 11, 12, 13, 14, 
16, 30, 32, 37, and 39 have been amended. Claims 4, 35, 36, and 38 have been cancelled. New 
claims 40 and 41 have been added. 

Applicants would like to acknowledge the grant of the benefit of the filing dates of: 
provisional application serial number 60/033,193, filed December 18, 1996; and non-provisional 
applications 08/989,332, filed December 11, 1997, and 09/422,073, filed October 21, 1999. 
Applicant would like to point out that the subject application does not claim priority to 
international application PCT/US97/23014, filed December 12, 1997. Accordingly, a Request 
for Corrected Filing Receipt will be filed shortly with the U.S. Patent and Trademark Office 
removing the claim of priority to PCT/US97/23014. 

Applicant would like to point out for the record that the transitional term "comprising" 
which is used in several of the claims is synonymous with the transitional term "containing" also 
used in several of the claims. Both terms are inclusive or open-ended and do not exclude 
additional, unrecited elements or method steps. See, e.g. Genentech, Inc. v. Chiron Corp., 1 12 
F.3d 495, 501, 42 USPQ2d 1608, 1613 (Fed. Circuit 1997) and M.P.E.P. §2111.03. 

The Amendments 

The first paragraph of the specification has been amended to update the status of a 
priority document. Also, the specification has been amended at page 6, line 18, and page 20, line 
19 to correct clerical errors. In addition, the specification has been amended at page 14, line 18, 
page 25, line 18, and page 26, line 22, to provide the patent numbers of applications that have 
issued since the filing of the subject application. 

The specification has been amended to correct a number of minor typographical and 
clerical errors. In particular, the spelling of "pantetheinylation" and related words has been 

corrected at various locations throughout the specification. 
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In addition, Example 8 of the specification has been amended to change the tense from 
the past to the present throughout the Example to reflect that the activities described have not 
actually been performed. At the time the application was prepared, the inventors believed that 
the activities described in Example 8 had been performed. However, the inventors later learned 
that the linker described in the Example had not been used. The linker described in the Example 
had been ordered from a commercial supplier, but the supplier provided a linker in which the 
sequence "AAA GCC" was changed to "AAT CC". This change created a stop codon in the 6- 
MSAS coding sequence so that a fusion protein is not produced. Accordingly, the Applicants 
have amended the Example to employ the present tense throughout. 

Claim 1 has been amended for clarification and to provide proper antecedent support. 
Support can be found, for example, at page 3, line 25 to page 4, line 5, at page 6, lines 13-14, and 
page 7, lines 21-23. Claim 3 has been amended to provide antecedent basis. Support can be 
found, for example, at page 3, lines 20-21 . Claim 8 has been amended to provide antecedent 
basis and for clarification. Support can be found, for example, at page 3, lines 11-17, and with 
originally filed claim 1. Claim 10 has been amended to clarify the claimed invention. Support 
can be found, for example, at page 12, line 17 to page 13, line 21. Claim 1 1 has been amended 
for consistency of claim language. Claim 12 has been amended to provide antecedent basis and 
for clarification. Support can be found, for example, at page 3, lines 1 1-17, and line 25 to page 
4, line 5. Claim 13 has been amended to more clearly define the invention. Claim 14 has been 
amended for clarification. Support can be found, for example, at page 2, lines 21-24, page 4, 
lines 10-16, page 6, lines 15 and 24, page 7, line 6, and page 14, lines 1 1-22. Claims 16, 32, and 
37 have been amended for clarification. Support can be found, for example, at page 7, lines 21- 
23. Claim 30 was amended for clarification. Claim 37 has been amended to clarify the 
invention and to incorporate the limitations of claim 35 in which it depends from. Support can 
be found, for example, at page 2, line 28 to page 3, line 2, and in originally filed claim 35. Claim 
39 has been amended for clarification. Support can be found, for example, at page 1 , lines 9-11. 

Claim 40 has been added. Support can be found, for example, at page 8, lines 6-15. Claim 41 
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has been added. Support can be found, for example, at page 16, lines 21-25, page 18, lines 9-10, 
and pages 21-22. 

No new matter has been added. 

Objections to the Specification 

. The specification is objected to for lacking complete continuity data in the first 
paragraph. Applicant directs the Examiner's attention to a Preliminary Amendment mailed July 
11, 2002, in which the complete continuity data for the subject application was provided. A 
copy of the Preliminary Amendment is enclosed. In addition, in the current Amendment, 
Applicant has corrected the status of the provisional application as "abandoned." 

The specification is objected to for not updating references to patent application numbers 
throughout the specification. Applicant thanks Examiner for pointing out this oversight. The 
specification has been amended accordingly. 

The specification is also objected to for containing several confusing terms and for 
containing typographical errors. Accordingly, the specification has been amended to correct 
these errors. 

Objections to the Claims 

Claim 3 is objected to for lacking antecedent basis and claim 1 1 is objected to for lacking 
consistency. Appropriate amendments have been made to the claims. 

Rejection of Claims Under 35 U.S.C. § 112, First Paragraph 

Claims 1-6, 16, 32, 34, 37, and 39 stand rejected under 35 U.S.C. § 1 12, first paragraph, 
as containing subject matter not described in the specification in such a way as to reasonably 
convey to one skilled in the art that the inventor had possession of the claimed invention. 
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The Examiner asserts that the instant claims are directed to host cells containing 
expression systems for polyketide synthases (PKSs) and holo acyl carrier protein (ACP) 
synthases where the claimed product is defined by its functional characteristics with respect to 
the ACP synthase component. The Examiner also states that a holo ACP synthase is not defined 
in the instant specification or in the art, other than by its ability to catalyze phosphopantetheinyl 
transfer to activate ACPs of PKSs. Applicant respectfully disagrees with the Examiner's 
remarks for the reasons set forth below. 

University of California v. Eli Lilly and Co., 1997, U.S. App. LEXIS 18221, cited by the 
Examiner, quotes Fiers v. Revel, 984 F.2d. 1 164, 1171, 25 USPQ2d 1601, 1606 (Fed Cir. 1993) 
as stating that "An adequate written description of a DNA . . . requires a precise definition, such 
as by structure, formula, chemical name, or physical properties. . ." (emphasis added). 
Accordingly, "an adequate written description of a DNA requires more than a mere statement 
that it is part of the invention . . . what is required is a description of the DNA itself." Id. at 1 170, 
25USPQ2dat 1606. 

Respectfully, it is believed that the facts in the present case do not reflect those in the 
cited case. Specifically, the claims in the Lilly case were directed to cDNA's-/.e., the precise 
reverse transcripts of mRNA encoding proinsulin from various species. Therefore, the invention 
in Lilly was the DNA and not as with the claims at issue, the use of DNA (art known holo ACP 
synthases). 

Nonetheless, Applicant believes that an adequate written description of a holo ACP 
synthase is provided in the specification. A "precise definition" of holo ACP synthases, "such as 
by ... physical properties", is provided, for example, at page 7, line 21 to page 8, line 15, and 
pages 18, 19, and 20. 

In addition, MPEP §2163, states that "Whether the specification shows that applicant was 
in possession of the claimed invention is ... a factual determination reached by considering a 
number of factors. Factors to be considered in determining whether there is sufficient evidence 

of possession include the level of skill and knowledge in the art, partial structure, physical and/or 
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chemical properties, functional characteristics alone or coupled with a known or disclosed 
correlation between structure and function, and the method of making the claimed invention. 
Disclosure of any combination of such identifying characteristics that distinguish the claimed 
invention from other materials and would lead one of skill in the art to the conclusion that the 
applicant was in possession of the claimed species is sufficient. See University of California v. 
Eli Lilly and Co., 1 19 F.3d. at 1568, 43 USPQ2d at 1406. Patents and printed publications in the 
art should be relied upon to determine whether an art is mature and what the level of knowledge 
and skill is in the art. In most technologies which are mature, and wherein the knowledge and 
level of skill in the art is high, a written description question should not be raised for original 
claims even if the specification discloses only a method of making the invention and the function 
of the invention. See, e.g., In Re Hayes Microcomputer Products, Inc. Patent Litigation, 982 
F.2d. 1527, 1534-35, 25 USPQ2d 1241, 1246 (Fed. Cir. 1992)" (emphasis added). 

Lambalot (see Lambalot, R.H., et al, A new enzyme superfamily - the 
phoshopantetheinyl transferase, Chemistry & Biology, 3:923-936 (November 1996), of which the 
publication date is earlier than the earliest priority date of the subject application, namely 
December 18, 1996 (hereinafter "Lambalot")) identifies a large family of proteins that have been 
shown to be or are believed to be phosphopantetheinyl transferases including: ACPS, EntD, Sfp, 
Psf-1, Gsp, Lpa-14, NshC, ol95, Hetl, SYCCPNC, Lys5, CELT04G9, H10152, FAS2, Bli, 
1314154, and CELT04G9. In addition, several of the proteins have been found in several 
different organisms. A copy of Lambalot is enclosed for the convenience of the Examiner. 

Accordingly, a combination of the knowledge of one skilled in the art, wherein the 
knowledge and level of skill in the art is high, and the description in the specification of the 
function of holo ACP synthases, would lead one of skill in the art to the conclusion that 
Applicant was in possession of the claimed invention. In addition, Lambalot establishes that the 
art is mature and what the level of knowledge and skill is in the art. 

The Examiner also states on page 21-22, that E. coli fatty acid synthase holo ACP 

synthase (ACPS) does not function effectively, and that the difference between effective holo 
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ACP synthases and those that are not effective at pantotheinylation of PKS systems is not 
structurally defined. Accordingly, claims 1, 16, 32, and 37 have been amended to include the 
phrase "a holo ACP synthase capable of being expressed and effective in the pantotheinylation of 
said PKS." 

In conclusion, Applicant respectfully requests that the rejection under 35 U.S.C. § 1 12, 
firstparagraph, written description be withdrawn. 

Claims 1-6, 16, 32, 34, 37, and 39 stand rejected under 35 U.S.C. § 1 12, first paragraph, 
as containing subject matter not described in the specification in such a way as to reasonably 
convey to one skilled in the art that the inventor had possession of the claimed invention. 

The Examiner asserts that the specification, while being enabling for host cells containing 
expression systems for polyketide synthases (PKSs) and particular expression systems for holo 
acyl carrier protein (ACP) synthases, does not reasonably provide enablement for host cells 
containing expression systems for PKSs and all expression systems for holo ACP synthases. 

The Examiner further asserts that no guidance is presented for the purpose of determining 
expression systems for holo ACP synthases, i.e. determining genes encoding holo ACP 
synthases, with no discussion of homology among the holo ACP synthases used. 

In addition, the Examiner states that though applicants have enabled the use of expression 
systems using holo ACP synthases EntD, GsP, and Sfp to produce holo ACPs of type I PKSs in 
E. coli host cells, Applicant has not enabled the use of these holo ACPSs with type II PKSs. 

Applicant respectfully disagrees and will discuss below why the specification does enable 
a person of skill in the art to make and/or use the invention commensurate in scope with the 
claims without undue experimentation. Applicant will discuss factual considerations as set forth 
In re Wands 858 F.2d 731, 8 USPQ2d 1400 (Fed. Cir. 1988), and cited by the Examiner. 

Starting at page 7, line 21, et seq., of the specification, guidance is provided instructing 
one skilled in the art to determine whether an expression system requires the presence of a holo 

ACP synthase in order to obtain polyketide production. The specification describes the 
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importance of the holo ACP synthase in effecting pantetheinylation of the acyl carrier protein. If 
a host cell lacks a phosphopantetheinlyating enzyme that behaves as a holo ACP synthase, the 
specification provides a description of the means for conferring this activity by supplying an 
expression system for this enzyme. The specification then provides direction as to which holo 
ACP synthase to choose. Specifically, "holo ACP synthases associated with fatty acid synthesis 
are not suitable; rather, synthases associated specifically with polyketide synthesis or with 
synthesis of nonribosomal proteins are useful" in the invention. Further instruction is provided 
regarding which holo ACP synthase to choose, "the modular and fungal PKS systems are not 
activated by phosphopantetheinylation effected by the phosphopantetheinylation enzymes 
indigenous to E. coli; however, enzymes derived from Bacillus, in particular the gramicidin holo 
ACP synthase of Bacillus brevis and the surfactin-related holo-ACP synthase from Bacillus 
subtillis can utilize the modular and fungal PKS ACP domains as substrates." 

One of skill in the art would understand how to choose a holo ACP synthase and how to 
use it in the expression systems of the current invention. At the time of the invention, it was 
known that "all polyketide synthases, fatty acid synthases, and non-ribosomal peptide 
synthetases require posttranslational modification of their constituent acyl carrier protein 
domain(s) to become catalytically active." It was also known that the "inactive apoproteins are 
converted to their active holo-forms by posttranslational transfer of the 4'-phosphopantetheinyl 
(P-pant) moiety of coenzyme A to the sidechain hydroxyl of a conserved serine residue in each 
acyl carrier protein domain." See Lambalot id. Furthermore, Lambalot identifies a large family 
of proteins that have been shown to be or are believed to be phosphopantetheinyl transferases 
including: ACPS, EntD, Sfp, Psf-1, Gsp, Lpa-14, NshC, ol95, Hetl, SYCCPNC, Lys5, 
CELT04G9, H10152, FAS2, Bli, 1314154, and CELT04G9. In addition, several of the proteins 
have been found in several different organisms. Additional guidance as to how to manipulate a 
holo ACP synthase is provided in the specification by working examples 1, 3, 4, 6, and 7. 

Therefore, the relatively high level of one skilled in the art makes the amount of 

experimentation necessary and the amount of direction or guidance needed, beyond what is 

23 Serial No. 09/851, 650 

Docket No. 300622001610 

sd- 1565 11 



provided in the specification, to carry out the claimed invention, minimal and undue. Also, 
given the state of the prior art, as exemplified in Lambalot, the likelihood of success for one 
skilled in the art to manipulate the components of holo ACP synthases in the expression systems 
of the claimed invention is very high. 

In addition to type II PKSs being enabled by the specification, the use of type I and 
fungal PKSs are also enabled by the specification. The general features of aromatic, modular, 
and fungal PKS systems are shown in Figures 1, 2, and 3, respectively, and described, for 
example, in the specification at pages 6 and 7. On page 7, starting at line 17, PCT application 
WO 95/08548, incorporated by reference, describes the construction of hybrid aromatic (type II) 
PKS systems wherein open reading frames of actinorhodin are included in expression vectors 
with open reading frames from alternative aromatic systems. Example 1 1 also describes the use 
of type II PKSs in the host cells, vectors, and methods of the invention. Also, working examples 
1, 2, 4, and 7, provide guidance to one skilled in the art as to how to manipulate components of 
fungal PKSs. 

Furthermore, the Examiner has herself stated that "copious amounts of structural . . . data 
on PKSs, wherein the name 'polyketide synthase' dictates a particular structure" are present in the 
art. Therefore, the relatively high level of one skilled in the art makes the amount of 
experimentation necessary and the amount of direction or guidance needed, beyond what is 
provided in the specification, to carry out the claimed invention, minimal and undue. Also, given 
the state of the prior art, as explained by the Examiner, the likelihood of success for one skilled in 
the art to manipulate the components of type I, type II, and fungal PKS in the expression systems 
of the claimed invention is very high. 

In addition, the experiments described in Example 6 provide guidance to one skilled in 
the art to determine if a new holo ACP synthase is suitable for the expression system of the 
invention. Therefore, Applicant has enabled the identification of new holo ACP synthases for 
use in the invention. 
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The attention of the Office is called to the decision in Ex parte Mark, 12 USPQ2d 1904 
(Bd. Pat. App. & Int. 1989) which is quite similar to the facts here. In that case, claims were 
drawn to muteins where at least one non-essential cysteine was replaced by another amino acid 
in any protein at all. The Examiner had rejected the claims on the basis that only three proteins 
were illustrated and the choice of the appropriate cysteine in other proteins was not taught. The 
Board held that the claims were fully supported as it was well within ordinary skill to test the 
limited number of possible muteins for retention of activity based on the amino acid sequence of 
any arbitrary protein. A copy of this decision is enclosed. Similarly, here, it is well within 
ordinary skill to screen for a holo ACP synthase, capable of being expressed and effective in the 
pantotheinylation of a PKS. Accordingly, it is believed that the claims as presented are of 
appropriate scope. 

For the reasons presented above, Applicant believes that the basis of the rejection under 
35 U.S.C. § 1 12, first paragraph, scope of enablement, fails to rise to the level of a prima facie 
case and should be withdrawn. 

Claim 4 stands rejected under 35 U.S.C. § 1 12, first paragraph, as containing subject 
matter not described in the specification in such a way as to reasonably convey to one skilled in 
the art that the inventor had possession of the claimed invention. 

The Examiner asserts that the specification, while being enabling for cells containing 
expression systems for fusion proteins comprising a fungal PKS and a holo ACP synthase, does 
not reasonably provide enablement for cells containing expression systems for fusion proteins 
comprising an aromatic or modular PKS and a holo ACP synthase. 

Although Applicant disagrees with the Examiner for the reasons set forth below, in an 
effort to expedite prosecution, Applicant has cancelled claim 4. 

The Examiner states that the fungal PKS is the simplest form of a PKS and does not 
necessarily correlate with aromatic or modular PKS systems, and that the specification provides 

no working examples or guidance for the production of aromatic or modular PKS fusion protein 
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systems. Applicant respectfully disagrees with the Examiner's remarks for the reasons set forth 
below. 

First, as described in the specification at page 7, lines 4-8, a fimgal PKS, as exemplified 
by 6-MSAS, "has some similarity to both the aromatic and modular PKS. It has [a] ... KS, AT, 
dehydratase (DH), KR, and ACP. Thus, it looks similar to a single module of a modular PKS. ... 
Unlike an aromatic PKS, it does not include a CLF. ..." Therefore, the fungal PKS system does 
correlate, "or have corresponding characteristics" {see The American Heritage College 
Dictionary, 312 (3ed.l993)) with the modular or aromatic PKS systems. 

Second, guidance is provided for the production of a fusion protein by Example 8 of the 
specification. Also, since the Examiner has herself stated that "copious amounts of structural . . . 
data on PKSs, wherein the name 'polyketide synthase' dictates a particular structure" are present 
in the art, it would not be undue experimentation for one skilled in the art to follow the teachings 
of Example 8 in order to make a fusion protein comprising a type I or type II PKS and a holo 
ACP synthase. Furthermore, the molecular biology techniques required to make a fusion protein 
were well known at the time of the invention. In addition, Applicant respectfully points out to 
the Examiner that no working examples are required to provide an enabling disclosure. 

Therefore, one skilled in the art, armed with the guidance provided by the specification in 
regards to how to manipulate components of aromatic, modular, or fungal PKSs, and holo ACP 
synthases, would not have to undergo undue experimentation to obtain cells containing 
expression systems for fusion proteins comprising an aromatic or modular PKS and a holo ACP 
synthase. 

In conclusion, due to the cancellation of claim 4, the rejection under 35 U.S.C. § 1 12, 
first paragraph, scope of enablement, is moot. 
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Rejection of Claims Under 35 U.S.C. § 112, Second Paragraph 

Claim 1 stands rejected under 35 U.S.C. § 1 12, second paragraph, as being indefinite for 
failing to particularly point out and distinctly claim the subject matter which applicant regards as 
the invention. 

The Examiner states that the abbreviation "ACP" in line 3 must be defined upon its first 
appearance in the claims. Applicant has amended claim 1 to define "ACP." 

Accordingly, Applicant asserts that the language of claim 1 is clear and meets the 
requirements of 35 U.S.C. § 112, second paragraph. 

Claim 4 stands rejected under 35 U.S.C. § 1 12, second paragraph, as being indefinite for 
failing to particularly point out and distinctly claim the subject matter which applicant regards as 
the invention. 

The Examiner states that antecedent basis for the phrase "the nucleotide sequence" in 
claim 4 is unclear since claim 1 does not refer to a nucleotide sequence. Applicant has amended 
claim 1 to provide antecedent support. 

Claim 4 has been cancelled, making the rejection under 35 U.S.C. § 1 12, second 
paragraph, moot. 

Claims 8-16 stand rejected under 35 U.S.C. § 1 12, second paragraph, as being indefinite 
for failing to particularly point out and distinctly claim the subject matter which applicant 
regards as the invention. Claim 15 has been cancelled. 

The Examiner states that in claim 8, there is no antecedent basis for the phrases "said first 
vector" and "said second vector." Applicant has amended claim 8 to provide antecedent support. 

Accordingly, Applicant asserts that the language of claims 8-14 and 16 are clear and meet 
the requirements of 35 U.S.C. § 1 12, second paragraph. 
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Claim 10 stands rejected under 35 U.S.C. § 1 12, second paragraph, as being indefinite for 
failing to particularly point out and distinctly claim the subject matter which applicant regards as 
the invention. 

The Examiner states that the phrase "expression system for a cell-based detection system 
for a functional polyketide" is undefined by the specification and the prior art does not provide a 
basis to define this phrase. Although Applicant respectfully disagrees, because Applicant 
believes that the phrase is defined in the specification, for example, at page 12, line 17 to page 
13, line 21, and also in the article cited by the Examiner authored by Broach and Thorner, for the 
purpose of facilitating allowance of the claim, Applicant has amended claim 10 to further clarify 
the invention. 

Accordingly, Applicant asserts that the language of claim 10 is clear and meets the 
requirements of 35 U.S.C. § 112, second paragraph. 

Claims 13-14 stand rejected under 35 U.S.C. § 1 12, second paragraph, as being indefinite 
for failing to particularly point out and distinctly claim the subject matter which applicant 
regards as the invention. 

The Examiner states that in claim 13 the antecedent basis for the phrase "said first and 
second module" is unclear since neither claim 8 nor claim 12 refers to a first or second module. 
Applicant would like to respectfully point out to the Examiner that the phrase "at least a second 
module" does appear in claim 12 providing proper partial antecedent support for claim 13. 
Applicant has amended claim 12 to provide antecedent support by providing the phrase "at least 
a first module", and claim 12 has also been amended to clarify the invention. 

Accordingly, Applicant asserts that the language of claims 13 and 14 are clear and meet 
the requirements of 35 U.S.C. § 1 12, second paragraph. 



sd- 1565 11 



28 



Serial No. 09/851, 650 
Docket No. 300622001610 



Claims 13-14 stand rejected under 35 U.S.C. § 112, second paragraph, as being indefinite 
for failing to particularly point out and distinctly claim the subject matter which applicant 
regards as the invention. 

The Examiner states that in claim 13 the term "different" is unclear due to the copious 
amounts of mutagenesis and domain swapping found in the art of polyketide synthases. 
Applicant has amended claim 13 to include the phrase "wherein said first module is that of a first 
polyketide synthase (PKS) or said second module is that of a second PKS, wherein said first and 
second PKS are different." 

Accordingly, Applicant asserts that the language of claims 13 and 14 are clear and meet 
the requirements of 35 U.S.C. § 1 12, second paragraph. 

Claim 14 stands rejected under 35 U.S.C. § 1 12, second paragraph, as being indefinite for 
failing to particularly point out and distinctly claim the subject matter which applicant regards as 
the invention. 

The Examiner states that the phrase "said nucleotide sequence encoding at least one 
module" is unclear because only in claim 12 is a nucleotide sequence mentioned, and then only 
in reference to the second vector. Applicant has amended claim 12, as described above, to 
provide antecedent support for claims 13 and 14. In addition, Applicant has amended claim 14 
to more clearly define the invention. 

Accordingly, Applicant asserts that the language of claim 14 is clear and meets the 
requirements of 35 U.S.C. § 1 12, second paragraph. 

Claim 14 stands rejected under 35 U.S.C. § 1 12, second paragraph, as being indefinite for 
failing to particularly point out and distinctly claim the subject matter which applicant regards as 
the invention. 



sd-156511 



29 



Serial No. 09/851,650 
Docket No. 300622001610 



The Examiner states that the abbreviations "KR", "DH", and "ER" are not defined upon 
their first occurrence in the claims. Therefore, Applicant has amended claim 14 to more clearly 
define these terms. 

Accordingly, Applicant asserts that the language of claim 14 is clear and meets the 
requirements of 35 U.S.C. § 112, second paragraph. 

Claims 30-39 stand rejected under 35 U.S.C. § 1 12, second paragraph, as being indefinite 
for failing to particularly point out and distinctly claim the subject matter which applicant 
regards as the invention. 

The Examiner states that the phrase "functional polyketide synthase catalytic activity" is 
unclear because polyketide synthases are multifunctional enzymes catalyzing a wide variety of 
reactions, for example an acyl transferase reaction. In addition, the Examiner inquires whether 
an antibiotic or polyketide must be produced, and states that to claim a coding region of a 
catalytic activity is confusing. Applicant believes that the amendments to claim 30 remove the 
confusion regarding claiming a coding region of a catalytic activity. In addition, claims 35,36, 
and 38 have been cancelled. Applicant agrees with the Examiner's statement that polyketide 
synthases are multifunctional enzymes catalyzing a wide variety of reactions, for example an 
acyl transferase reaction, and would like to clarify that the scope of claims 30-39 encompasses a 
vector that comprises at least one catalytic activity of a polyketide synthase (PKS), to a vector 
that comprises a group of catalytic activities that make up a PKS that is capable of producing a 
polyketide or antibiotic. 

Accordingly, Applicant asserts that the language of claims 30-34, 37, and 39 are clear 
and meet the requirements of 35 U.S.C. § 1 12, second paragraph. 

Applicants would like to state that amendments to the claims were not made for reasons 
of patentability but rather for the purpose of clarifying the invention, see Festo Corp. v. Shoketsu 

Kinzoku Kogyo Kabushiki Co., et al.,\22 S.Ct. 1831, 1838, 62 USPQ2d 1705, 1710 (2002). The 
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amendments made to the claims do not narrow the scope of the claims because the substituted 
phraseology has the same meaning as the previous claim language. 

In addition, Applicants respectfully direct the Examiner's attention to the Memorandum 
dated January 17, 2003, from Deputy Commissioner for Patent Examination Policy Steve G. 
Kunin, which clarifies the U.S. Patent and Trademark's policy with respect to rejections made 
under 35 U.S.C. §112, second paragraph. 

Rejection of Claims Under 35 U.S.C, § 102(e) 

Claims 8, 9, 11, and 12 stand rejected under 35. U.S.C. § 102(e) as being anticipated by 
U.S. Patent No. 5,712,146 (hereinafter "the ' 146 patent"). 

The '146 patent teaches a genus of cells that are capable of expressing a polyketide 
synthase (PKS) gene cluster and it teaches a genus of vectors that can be used to express the PKS 
gene cluster. Although the 6 146 patent does not specifically refer to the subset of cells that are 
claimed in the subject application, or specifically disclose the use of at least two vectors or at 
least a vector and a modified chromosome, there is precendent for patentability in such 
situations. The attention of the Office is called to the decision in Integra Lifesciences v. Merck, 
331 F.3d 860; 2003 U.S. App. LEXIS 1 1335; 66 U.S.P.Q.2D (Fed.Cir. 2003) which provides 
guidance as to the general teachings of in such genus-species relationships. In that case, claims 
to a cyclic peptide were found to be patentable over a patent that disclosed but did not 
specifically claim cyclic RGD peptides. A copy of this case is included with the Response. 

Claim 8 has been amended to include the phrase "A modified recombinant host cell, 
which in unmodified form does not produce polyketides, modified to contain either. . . As 
amended, claim 8 discloses a modified recombinant host cell which in unmodified form does not 
produce polyketides. As described in the specification on page 5, lines 1-8, "hosts such as E. 
coli, yeast, and other microbial systems which do not customarily synthesize polyketides can be 
made into convenient hosts." In addition, Applicant's invention provides "the opportunity to 
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produce polyketides in hosts which normally do not produce them, such as E. coli, and yeast." 
See specification at page 14, lines 23-24. 

Applicant acknowledges the Examiner's statement that the '146 patent does not teach 
inventions regarding the presence of modified chromosomes. 

In conclusion, Applicant asserts that claims 8, 9, 11, and 12 are patentable under 35 
U.S.C. § 102(e) over the 4 146 patent. 

Claims 30-31 and 33 stand rejected under 35. U.S.C. § 102(e) as being anticipated by the 
' 1 46 patent described above. 

The '146 patent is cited by the Examiner as teaching a transformation of the pCK7 
plasmid containing the eryAI, eryAII, and eryAIII genes and several selectable markers into 
Streptomyces coelicolor CH999 cells to express the erythromycin polyketide synthase (PKS) 
and, in turn, produce the polyketide product, 6dEB. 

The teachings of the '146 patent have been discussed supra. 

In addition, claims 30, 31, and 33 are directed towards a vector adapted for expression in 
yeast, a yeast cell, and a method of producing a polyketide synthase activity by culturing the 
yeast cell; Streptomyces coelicolor is a bacterium, not a yeast. See Dorland's Illustrated 
Medical Dictionary, 1592 (27ed. 1988). 

In conclusion, Applicant asserts that claims 30-31 and 33 are patentable under 35. U.S.C. 
§ 102(e) over the ' 146 patent. 

Rejection of Claims Under 35 U.S.C. § 102(b) 

Claims 30, 31, and 33 stand rejected under 35 U.S.C. § 102(b) as being anticipated by 
Shen, B., et al (Science, 262:1535-1540 (1993)) (hereinafter "Shen"). 

The Examiner asserts that Shen teaches the 5. glaucescens WMH1077/(pWHM722) 
transformant that carries the tcmKLMN genes under the control of a strong constitutive promoter 

in . . . vector pIJ486 and the culturing of said transformant to express the aromatic, type II 
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polyketide synthase (PKS) tcm KLMN gene products. The Examiner also states that S. 
glaucescens is a yeast host cell. 

Present claims 30, 31, and 33 are directed towards a vector adapted for expression in 
yeast, a yeast cell, and a method of producing a polyketide synthase activity by culturing the 
yeast cell; Streptomyces glaucescens is a bacterium, not a yeast. See Dorland's Illustrated 
Medical Dictionary, 1592 (27ed. 1988). 

Therefore, Applicant asserts that claims 30, 31, and 33 are patentable under 35 U.S.C. § 
102(b) over Shen. 

Claims 35, 36, and 38 stand rejected under 35 U.S.C. § 102(b) as being anticipated by 
Gramajo, H.C., etal (J. of Bacteriology, 173:6475-6483 (1991)) (hereinafter "Gramajo"). 

The Examiner asserts that Gramajo teaches the pT7-7 vector which comprises an 
ampicillin resistance selectable marker, the T7 gene 10 promoter, and ORFs 1, 2, and 3 of the 
aromatic, type II polyketide synthase (PKS) gene producing tetracenomycin which ORFs code 
for ketosynthase and acyl carrier protein activities. In addition, the Examiner states that Gramajo 
teaches the transformation of the pT7-7 vector into E. coli host cells. 

While not necessarily agreeing the the Examiner's position, in order to expedite 
prosecution, claims 35, 36, and 38 have been cancelled, making the rejection moot. 

Claims 35, 36, and 38 stand rejected under 35 U.S.C. § 102(b) as being anticipated by 
Roberts, G.A., etal (Eur. J. Biochem. 214:305-311 (1993)) (hereinafter "Roberts"). 

Roberts is cited by the Examiner as teaching the pT7-7 vector which comprises a T7- 
specific promoter and the eryAIII gene of the modular, type I polyketide synthase (PKS) 
producing erythromycin which gene codes for ketosynthase, acyl transferase, and acyl carrier 
protein activities, said vector being transformed in E. coli for expression. 

While not necessarily agreeing the the Examiner's position, in order to expedite 

prosecution, claims 35, 36, and 38 have been cancelled, making the rejection moot. 
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Rejection of Claims Under 35 U.S.C. § 103(a) 

Claims 1, 2, and 5 stand rejected under 35 U.S.C. § 103(a) as being unpatentable over 
Lambalot, R.H., etal (J. of Biological Chemistry, 270:24658-24661 (1995)) (hereinafter 
"Lambalot"), in view of Shen. 

Applicant acknowledges that this rejection is limited to the use of ACPS (the E. coli- 
derived holo ACP synthase - a phosphopantetheinylating enzyme) and aromatic, type II PKS 
genes expressed together in either E. coli or Streptomyces, as pointed out by the Examiner. 

Lambalot is cited by the Examiner as teaching the E. coli gene dpj 9 later called acpS, and 
its gene product, ACPS (a holo-acyl carrier protein synthase), which product "transfers the 4'- 
phophopantetheine (4'-PP) moiety from coenzyme A . . .to. . . acyl carrier protein (ACP) in 
Eschericia coir for activation of an ACP in fatty acid biosynthesis. 

The Examiner asserts that Lambalot teaches the overproduction of TcmM (in holo-form 
in the presence of ACPS) in combination with the heterologous production of the holo ACP 
synthase, ACPS, in E. coli. ... The Examiner also states that Lambalot does not teach the 
heterologous production of a minimal type II PKS. . .. 

Shen is cited by the Examiner as teaching the expression of the ton JKLMN genes in a 
fcmGHIJKLMNO null background, and that the tcmTKLMN genes encode a minimal type II 
PKS (KS/AT, ACP, and CLF domains). Applicant respectfully disagrees with the Examiner's 
remarks for the reasons described below. 

Lambalot describes how holo-ACP synthase (ACPS) transfers the 4'-PP moiety from 
CoA to Ser-36 of apo-ACP to produce holo-ACP and 3 ', 5 '-ADP. However, Lambalot states 
that little has been shown about the mechanism or specificity of this post-translational 
phosphopantetheinylation process. Lambalot therefore sets forth to study the mechanism and 
specificity of ACP-phosphopantetheinylation by cloning and overproducing ACPS from E. coli. 
Lambalot reports a 70,000-fold purification and N-terminal sequencing of wild type ACPS that 

resulted in the identification of the gene that encodes ACPS (dpj). 
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Lambalot "anticipate^] that dpj will serve as a valuable tool for the cloning of other 
ACPSs and will assist in the heterologous overproduction of appropriately modified 4'-PP 
requiring enzymes, such as . TcmM . . thereby greatly facilitating mechanistic studies of acyl 
activating enzymes in macrolide, polyketide, depsipeptide, and non-ribosomal peptide 
biosynthesis, as well as ACP-dependent transacylase activities " (emphasis added). 

Shen does not teach a modified recombinant host cell, which, in unmodified form, does 
not produce polyketides, which cell is modified to contain an expression system that comprises 
at least one nucleotide sequence that encodes for a minimal polyketide synthase (PKS). Rather, 
Shen describes a host cell that in its unmodified form produces the aromatic polyketide 
tetracenomycin. In addition, since the polyketide synthase proteins described in Shen were 
isolated from S. glaucescens, the PKS would have been already pantetheinylated by the cellular 
machinery of its host. Thus, there would be no motivation to combine Shen with Lambalot. 

According to the MPEP § 2142, three criteria must be met to establish a prima facie case 
of obviousness, (a) there must a suggestion and motivation to modify or combine reference 
teachings; (b) there must be a reasonable expectation of success, and (c) the cited references 
must teach or suggest all the claimed limitations. 

First, there is no suggestion or motivation either in the references or in the knowledge 
generally available to one of ordinary skill in the art, to modify or to combine reference 
teachings. Specifically, there is no suggestion in either reference to place an expression system 
that comprises at least one nucleotide sequence that encodes for a minimal polyketide synthase 
(PKS) and an expression system that comprises at least one nucleotide sequence that encodes for 
a holo acyl carrier protein (ACP) synthase into a modified recombinant host cell that in its 
unmodified form does not produce polyketides. Also, there is no suggestion in Lambalot as to 
how the ACPS will assist in the heterologous overproduction of TcmM. 

Secondly, a reasonable expectation of success must be found in the prior art {see In re 
Vaeck, 947 F.2d. 488, 20 USPQ2d 1438 (Fed. Cir. 1991)). Neither Lambalot or Shen provide 

any discussion regarding the likelihood of success in placing an expression system that 
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comprises at least one nucleotide sequence that encodes for a minimal polyketide synthase (PKS) 
and an expression system that comprises at least one nucleotide sequence that encodes for a holo 
acyl carrier protein (ACP) synthase into a modified recombinant host cell that in its unmodified 
form does not produce polyketides. In addition, Shen teaches a host cell, which in unmodified 
form does produce a polyketide, specifically tetracenomycin. 

In Interconnect Planning Corp. v. Fiel, 174 F.2d 1 132, 1 143, 227 U.S.P.Q. (BNA) 543, 
547-48 (Fed. Cir. 1995), the court warned against hindsight and stated "Not only must the 
claimed invention as a whole be evaluated, but so also must the references as a whole, so that 
their teaching are applied in the context of their significance to a technician at the time - a 
technician without our knowledge of the solution." Since one skilled in the art could not 
reasonably determine, without hindsight, the successfulness of the claimed invention, it is 
respectfully submitted that a prima facie of obviousness has not been established. It is further 
submitted that "obvious to try" certain variations is not the standard upon which obviousness is 
determined properly. See In reOTarrell, 853 F.2d 894, 903, 7 U.S.P.Q.2d 1673, 1680-81 (Fed. 
Cir. 1988). 

In conclusion, Applicants asserts that claims 1, 2, and 5 are patentable under 35 U.S.C. 
§ 103(a) over Lambalot in view of Shen. 

Claim 6 stands rejected under 35 U.S.C. § 103(a) as being unpatentable over Lambalot in 
view of Shen, and in view of Bierman, M., et al (Gene, 1 16:43-49 (1992)) (hereinafter 
"Bierman"). 

Lambalot and Shen are cited by the Examiner as teaching as described above, and also as 
not teaching the use of integrating vectors. Bierman is cited by the Examiner as teaching several 
vectors useful for the integration of a gene of choice into the host cell chromosome via 
homologous recombination. 

Bierman does not remedy any of the deficiencies of Lambalot or Shen described above 

for claim 1 . In addition, Bierman does not provide suggestion or motivation to modify or 
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combine the references in a manner that would result in the invention as claimed in claim 6, 
resulting in no reasonable expectation of success. Therefore, since claim 6 depends from claim 
1, the arguments provided above for claim 1 also apply to claim 6. 

In conclusion, Applicants asserts that claim 6 is patentable under 35 U.S.C. § 103(a) over 
Lambalot in view of Shen and in view of Bierman. 

Claims 8, 9, 11, and 12 stand rejected under 35 U.S.C. § 103(a) as being unpatentable 
over the * 146 patent in view of Bierman. 

The 6 146 patent is cited by the Examiner as teaching as described above, and of not 
teaching the option of using modified chromosomes that can result from plasmid integration. 
Bierman is cited by the Examiner as teaching several vectors useful for the integration of a gene 
of choice into the host cell chromosome via homologous recombination. 

The Examiner asserts that the instant claims are drawn to actinomycetes host cells having 
(1) at least three vectors, each vector comprising a portion of an aromatic PKS expression system 
or (2) at least two vectors, each vector comprising a module of a modular PKS expression 
system; wherein at least one of the vectors in integrated into the host chromosome. 

Applicant would like clarify for the Examiner several issues. First, the instant claims are 
drawn to yeast, E. coli, actinomycetes and plant cells (see claim 9). Second, Applicant would 
like to respectfully point out to the Examiner that claim 8 contains the language "a) at least a first 
and a second vector . . .; or b) at least one vector and a modified chromosome . . ."(emphasis 
added). Therefore, at least one of the vectors does not have to be integrated into the host cell 
chromosome. Third, claim 1 1 requires three vectors; vectors one and two each comprising a 
catalytic region and vector three comprising an ACP activity, and claim 12 requires two vectors, 
each vector comprising a module of a polyketide synthase. 

As described above, claim 8 has been amended to include the phrase "A modified 
recombinant host cell, which in unmodified form does not produce polyketides, modified to 
contain either...." 
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The teachings of the 4 146 patent have been discussed supra. In addition, Bierman does 
not remedy any of the deficiencies of the ' 1 46 patent. 

In conclusion, Applicants asserts that claims 8, 9, 11, and 12 are patentable under 35 
U.S.C. § 103(a) over the '146 patent in view of Bierman. 

Claims 13 and 14 stand rejected under 35 U.S.C. § 103(a) as being unpatentable over the 
'146 patent in view of Oliynk, M, et al (Chemistry and Biology, 3:833-839 (1996)) (hereinafter 
"Oliynk"). 

The Examiner states that the instant claims are drawn to host cells having at least two 
vectors, each vector comprising a module of a modular PKS expression system from a PKS of 
different origin. 

The ' 146 patent is cited by the Examiner as teaching as described above, and of not 
teaching host cells containing vectors for hybrid modular PKSs. Oliynk is cited by the Examiner 
as teaching a host cell containing a modular hybrid PKS resulting from the "specific replacement 
of the entire . . . ATI domain in DEBS1-TE [eryAI fused to the TE domain of the ery gene 
cluster] with its . . . counterpart from module 2 of the rapamycin-producing PKS". 

Since claims 13 and 14 depend from claim 12, which Applicant believes is patentable 
over the '146 patent for the reasons set forth above, Applicant asserts that claims 13 and 14 are 
also patentable under 35 U.S.C. § 103(a) over the '146 patent in view of Oliynyk. 

Rejection Under Obviousness-type Double Patenting . 

Claims 1, 3, and 30-39 stand rejected under the judicially created doctrine of 
obviousness-type double patenting over claims 1, 3, 27, 28, 30-32, and 40-43 of U.S. Patent No. 
6,033,883. Claims 35, 36, and 38 have been cancelled. 

Claim 2 stands rejected under the judicially created doctrine of obviousness-type double 
patenting over claim 2 of U.S. Patent No. 6,033,883. 
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Claim 4 stands rejected under the judicially created doctrine of obviousness-type double 
patenting over claim 1 of U.S. Patent No. 6,033,883. Claim 4 has been cancelled. 

Claims 8, 9, 12-14, and 16 stand rejected under the judicially created doctrine of 
obviousness-type double patenting over claims 5, 7, 9, 17, and 19 of U.S. Patent No. 6,033,883. 

The instant application is a divisional of U.S. Patent No. 6,033,883, and both are 
commonly owned by Kosan Biosciences. Accordingly, a Terminal Disclaimer is proper to 
overcome the obviousness-type double patenting rejection, and is enclosed with the Response. 
Applicant asserts that this Terminal Disclaimer renders the rejections listed above moot. 

In the unlikely event that the transmittal letter is separated from this document and the 
Patent Office determines that an extension and/or other relief is required, Applicant petitions for 
any required relief including extensions of time and authorizes the Assistant Commissioner to 
charge the cost of such petitions and/or other fees due in connection with the filing of this 
document to Deposit Account No. 03-1952 referencing docket no. 300622001610 . 



Respectfully submitted, 



Dated: July ,2003 




Brenda J. WalKfch, Ph.D. 
Registration No. 45, 1 93 
Patent Agent 
Morrison & Foerster llp 
381 1 Valley Centre Drive 
Suite 500 

San Diego, California 92130-2332 
Telephone: (858) 720-7961 
Facsimile: (858)720-5125 
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A new enzyme sup rfamily - the phosphopantetheinyl 
transferas s 

Ralph H Lambalot 1 , Amy M Gehring 1 , Roger S Flugel 1 ' 2 , Peter Zuber 3 , 
Michael LaCelle 3 , Mohamed A Marahiel 4 , Ralph Reid 5 , Chaitan Khosla 6 and 
Christopher T Walsh 1 



Background: All polyketide synthases, fatty acid synthases, and non-ribosomal 
peptide synthetases require posttranslational modification of their constituent _ 
acyl carrier protein domain (s) to become catalytically active. The inactive apo- 
proteins are converted to their active holo-forms by posttranslational transfer of 
the 4'-phosphopantetheinyl (P-pant) moiety of coenzyme A to the sidechain 
hydroxy! of a conserved serine residue in each acyl carrier protein domain. The 
first P-pant transferase to be cloned and characterized was the recently reported 
Escherichia coli enzyme ACPS, responsible for apo to holo conversion of fatty 
acid synthase. Surprisingly, initial searches of sequence databases did not reveal 
any proteins with significant peptide sequence similarity with ACPS. 

Results:' Through refinement of sequence alignments that indicated low level 
similarity with the ACPS peptide sequence, we identified two consensus motifs 
shared among several potential ACPS homologs. This has led to the 
.identification of a large family of proteins having 1 2-22 % similarity with ACPS, 
which are putative P-pant transferases. Three of these proteins, £ coli EntD and 
o195 t and B. subtilis Sfp, have been overproduced, purified and found to have 
P-pant transferase activity, confirming that the observed low level of sequence 
homology correctly predicted catalytic function. Three P-pant transferases are 
now known to be present in E. coli (ACPS, EntD and o195); ACPS and EntD 
are specific for the activation of fatty acid synthase and enterobactin synthetase, 
respectively. The apo-protein substrate for o1 95 has not yet been identified. Sfp 
is responsible for the activation of the surfactin synthetase. 

Conclusions: The specificity of ACPS and EntD for distinct P-pant-requiring 
enzymes suggests that each P-pant-requiring synthase has its own partner 
enzyme responsible for apo to holo activation of its acyl carrier domains. This is 
the first direct evidence that in organisms containing multiple P-pant-requiring 
pathways, each pathway has its own posttranslational modifying activity. 
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Introduction 

Multienzyme complexes exist for acyl group activation 
and transfer reactions in the biogenesis of fatty acids, the 
polyketide family of natural products (e.g. erythromycin 
and tetracycline), and almost all non-ribosomal peptides 
(e.g. vancomycin, cyclosporin, bacitracin and penicillin). 
All of these complexes contain one or more, small 
proteins, -80-100 amino acids (aa) long, either as separate 
subunits or as integrated domains, that function as carrier 
proteins for the growing acyl chain. These acyl carrier 
protein(ACP) domains, which may be one of the domains 
of a multi-functional enzyme (in the type I synthases) or a 
separate subunit (in the type II multienzyme complex 
synthases), can be recognized by the conserved sequence 
signature motif (L,V)(G,L)(G,A,F,Y)(D,H,K,E)S(L,Q) 
(D,A,G) [1]. They are converted from inactive apo-forms 



to functional holo-forms by attack of the (3-hydroxy 
sidechain of the conserved serine residue in the ACP 
signature sequence on the - pyrophosphate linkage of 
coenzyme A (CoASH). This results in transfer of the 4'- 
phosphopantctheinyl (P-pant) moiety of CoASH onto the 
attacking serine (Fig. 1). The newly introduced -SH of the 
P-pant prosthetic group now acts as a nucleophile for 
acylation by a substrate, which may be acyl-CoA or 
malonyl-CoA derivatives for the fatty acid and polyketide 
synthases (PKS), or aminoacyl-AMPs for the peptide and 
depsipeptide synthetases (Fig. 2). In the PKS complexes 
the carboxy-activated malonyl-ACP derivative then 
undergoes decarboxylation, forming a nucieophilic 
carbanion species that attacks a second acyl thiolester to 
yield a new carbon- carbon. bond in one of the steps of 
polyketide biosynthesis. In peptide and depsipeptide 
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Figure 1 
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General reaction scheme for posttranslational phosphopantetheiny- from CoA to a conserved serine residue of apo-ACP to produce holo- 

lation. P-pant transferases transfer the 4'-phosphopantetheine moiety ACP and 3',5'-ADP. 



synthetases, the aminoacyl-ACPs or hydroxyacyl-ACPs 
serve as nucleophiles in amide and ester bond-forming 
steps respectively (Fig. 3). The posttranslational phospho- 
pantetheinylation of apo-ACP domains is clearly essential 
for the activity of the multienzyme synthases responsible 
for the. biogenesis of a vast array of natural products. We 
_have therefore searched for and characterized enzymes 
with P-pant transferase activity. We recently reported the 
cloning and charac-terization of the first such transferase, 
the Escherichia colt holo-acyl carrier protein synthase 
(ACPS), which activates the fatry acid synthase ACP by 



converting it to its holo-form [2]. Using the conversion of 
E. colt apo-ACP to holo-ACP as an assay, we purified 
ACPS 70 000-fold and identified it as the product of a 
previously described essential £. colt gene of unknown 
function, dpj [3]. The E. colt ACPS is a 28 kDa dimer of 
two 125-aa subunits with a k cac of 80-100 min -1 and a 
K M < 10 -6 M for apo-ACP. We subsequently showed that 
the E. colt ACPS will also modify apo-forms of several 
type II ACP ho mo logs including the Lactobacillus casei 
D-alanyl carrier protein (DCP) involved in D-alanylation of 
Iipoteichoic acid [4], the Rhizobia protein, NodF, involved 



Figure 2 
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The terminal cysteamine thiol of the 
phosphopantetheine cofactor acts as a 
nucleophile for acyl activation, (a) Fatty acid 
synthases and polyketide synthases transfer 
acyl groups from acyl-CoA to the phospho- 
pantetheine tether attached to ACP. 
(b) Non-ribosomal peptide and depsipeptide 
synthetases first activate their amino-acyl or 
acyl substrates as their acyl -adenylates 
before transfer to the phosphopantetheine 
tether of PCP. 



Research Paper Phosphopantetheinyl transferase superfamily Lambalot et al 925 



in the acylation of the oligosaccharide-based nodulacion 
factors [5], and the Streptomyces ACPs involved in freno- 
licin, granaticin, oxytetracycline, and tetracenomycin poly- 
ketide antibiotic biosynthesis (AMG, RHL and CTW, 
unpublished results). 

The E. coli ACPS does not detectably transfer P-pant to 
the apo-forms of two type I P-pant-requiring proteins 
involved in amino acid activation, namely apo-EntF 
which is involved in L-serine activation during E. coli 
enterobactin biosynthesis [6,7] and apo-PCP, a peptidyl 
carrier protein fragment from the Bacillus brevis tyrocidine 
synthetase (TycA) [8]. Thus other P-pant transferases, 
specific for the apo-forms of type I peptide synthetases, 
must exist. Our search in the completely sequenced 
Haemophilus influenzae [9] and Saccharomyces cerevisiae 
genomes for functional homologs of E. coli acpS initially 
failed to reveal genes with any apparent homology 
despite the fact that posttranslational phosphopante- 
theinylation of ACP domains clearly occurs in these 
organisms: We report here that more refined database 
searches yielding peptide sequences with only marginal 
similarity to ACPS, have in fact led us to identify a large 
second family of P-pant transferases including the E. coli 
EntD and B. subtilis Sfp proteins. The genes encoding 
these proteins have pre-viously been shown to be 
required for the production of the non-ribosomal peptides 
"enterobactin and surfactin, respectively (Fig. 4) [10,11]. 
Putative P-pant transferases have also been identified 
in H. influenzae and S. cerevisiae (Fig. 5 and Table 1). We 
have overproduced and purified EntD, Sfp and a third 

Figure 3 



Acyl-pantetheinyl thiolesters have a wide 
variety of fates in the biosynthesis of complex 
natural products. Acyl-pantetheinyl thiolesters 
can act as (a) carbanion nucleophiles for 
carbon skeleton assembly in fatty acid and 
polyketide biosynthesis or as (b) nitrogen or 
(c) oxygen nucleophiles to yield amide or 
ester bonds in peptide and depsipeptide 
biosynthesis. 



E. coli protein ol95 and have demonstrated the ability of 
each to catalyze the transfer of 4'-phosphopantetheine 
from CoASH to apo-protein substrates. 

Results 

Database search for ACP synthase homologs 

BLAST searches (basic local alignment search tool) [12] 
with the 125-aa E. coli ACPS protein sequence revealed 
marginal .similarity to the carboxy-terminal region of 
five fungal fatty acid synthases, suggesting that phospho- 
pantetheinylation activity may have been subsumed as 
a domain in these polyenzymes (Fig. 5). We propose a 
scheme, based on several lines of genetic evidence 
[13-18], in which the carboxyl-terminus of the FAS2 
subunit could be responsible for the autophosphopan- 
tetheinylation of the amino-terminal ACP domain. 
However, to date we have been unable to demonstrate P- 
pant transfer from CoASH to the S. cerevisiae FAS2 ACP 
domain (residuesAspl42-Ser230) catalyzed by the putative 
P-pant trans-ferase domain (residues G!yl774-Lysl894) 
(data not shown). 

Using the small similarity between the fungal FAS2 
carboxyl- termini and ACPS as a starting point, we detected 
potential homology to three bacterial proteins, EntD 
(E. coli), Sfp (B. subtilis), and Gsp (B. brevis) which have 
previously been identified as genes that appear to have 
a common ancestor (orthologous genes) (Fig. 5) [19], 
Indeed £. coli entb and Bacillus brevis gsp can complement 
sfp mutants, supporting the idea that these three proteins 
have similar functions [19,20], The specific biochemical 
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Figure 4 
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Non-ribosomal peptides and some of the 
genes involved in their synthesis, 
(a) Chemical structures of surfactin and 
enterobactin. (b) The srf operon consists of 
four open reading frames in which srf A, srfB, 
and srfC encode for the activities that 
activate and assemble the seven component 
amino acids and branched chain 0*hydroxy 
fatty acid of surfactin. 




functions of entD, sfp and gsp have up to now remained 
obscure. Sfp was isolated as a locus required for production 
of the lipopeptide antibiotic surfactin in B. siibtills (Fig. 4) 
[11] and gsp is similarly required for gramicidin bio- 
synthesis [19]. Likewise, entD has been shown to be 
required for production of the Fe In -chelating siderophore 
enterobactin in £. colt [10]. Further BLAST searches 
revealed several other proteins that share potential 
homology with ACPS (Table 1), including a third E. colt 
open reading frame (in addition to ACPS and EntD) of 
unknown function designated ol95 and proteins involved 
in cyanobacterial heterocyst differentiation and fungal 
lysine biosynthesis. Local sequence alignments of the 
putative P-pant transferase domains reveal two sequence 
motifs containing several highly conserved residues (Fig. 5, 
highlighted in yellow). 

Confirmation of sequence-predicted P-pant transferase 
activity 

To test the sequence-predicted P-pant transferase activity 
of this enzyme family, we needed to overproduce and 
purify representative members of this family (EntD, Sfp 
and ol95), prepare apo-forms of putative substrate proteins 
or subdomains (ACP, PCP, EntF, and SrfBl) and assay the 
catalytic competence of the putative enzymes. 

Overproduction, purification and characterization of enzymes 
Sfp (26.1 kDa) was overproduced and purified using 
previously published procedures (Fig. 6) [11]. EntD (23.6 
kDa) had previously been cloned, but its overproduction 
had proven difficult, presumably due to the frequency of 
rare codons and an unusual UUG start codon [10], We 
therefore changed the UUG start to AUG and optimized 
the codon usage for the first six residues. The entD gene 



was PCR-amplified from wild type E. colt and cloned 
into the T7-promoter-based pET28b expression plasmid 
(Novagen). Induction at 25° C yielded soluble EntD, which 
was purified by ammonium sulfate precipitation and 
Sephacryl S-100 chromatography. Similarly, the ol95 gene 
was PCR-amplified from wild type E. coll cells with codon 
optimization and cloned into pET28b. Induction at 37°C or 
25° C yielded predominantly insoluble ol95 protein (21.8 
kDa), that could be solubilized in 8 M urea, purified by 
Q-Sepharose chromatography under denaturing conditions, 
and renatured by dialysis. 

Overproduction, purification and characterization of substrates' 
Apo-ACP and apo-EntF were overproduced and purified 
as previously described [7] [21]. Apo-PCP (the peptidyl 
carrier protein of tyrocidine synthetase, see Fig. 7) and 
apo-SrfBl (the first amino acid activation and peptidyl 
carrier protein domains of surfactin synthetase subunit B) 
were overproduced in E. colt and purified as hexa- 
histidine-tagged proteins using nickel chelate chromato- 
graphy. Typically, when P-pant-requiring enzymes are 
over-produced in E. colt the fraction of recombinant,pro- 
tein that is modified to the hoio-form represents only a 
small percentage of the total recombinant protein [22]. We 
have been able to confirm that the percentage of holo- 
ACP present in the purified preparation is below 5 % by 
using analytical HPLC to resolve the apo and holo-forms 
of the protein (data not shown) [23]. The ratio of apo- to 
holo-forms of the other substrates after purification was 
not precisely determined. It is clear, however, as shown 
below, that sufficient quantities of the apo-forms of each 
of these proteins were obtained to act as substrates of the 
P-pant transferase enzymes. P-pant transferase activity 
toward each of these substrates was assayed by monitoring 
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The putative phosphopantetheinyl transferase family, (a) Schematic 
showing location of the proposed' P-pant transferase domains (purple) 
and location of consensus sequences (yellow) in the fungal fatty acid 
synthases (FAS), the Sfp/Gsp/EntD/o1 95 homology family, and £ coli 
ACPS. Component FAS activities are abbreviated as AT, acyl 



transferase; ER, enoyl reductase; DH, dehydratase; MT/PT 
malonyl/paimitoyl transferase; ACP, acyl carrier protein; KR, 
ketoreductase; KS, ketosynthase. (b) Local DNA sequence alignments 
of the consensus sequences of the P-pant transferase enzyme 
superfamily. Highly conserved residues are boxed. 



the transfer of [ 3 H]-4'-phosphopantetheine from [ 3 H]- 
(pantetheinyl)-CoASH in the presence of the putative P- 
pant transferase enzyme. Reactions were quenched with 
10 % trichloroacetic acid (TCA), and the resulting protein 
pellet was washed, resolubilized, and counted by liquid 
scintillation to determine che extent to which the apo- 
substrace was modified to the holo-form by the covalent 
attachment of [ 3 H]-4'-phosphopantetheine. 

Enzymatic activity with apo-ACP and apo-PCP as substrates 
We were initially concerned that large proteins such as 
EntF (140 kDa) and SrfB (400 kDa) would be difficult to 
work with as substrates for che preliminary charact- 
erization of the putative P-pant transferases. Indeed our 
prior attempts to modify purified EntF with ACPS had 
been unsuccessful (RHL, RSF and CTW, unpublished 
results). Scudies with the large, multifunctional chicken 
fatty acid synthase had shown that, following partial 
proteolytic digestion, functional domains representative of 



component synthase activities could be isolated [24-23]. 
Indeed, a functional ACP domain of the rat fatty acid 
synthase had previously been isolated in this manner 
(S Smith and VS Rangan, personal communication). By- 
identifying the sequence limits of a peptidyl carrier 
protein (PCP) domain of tyrocidine synthetase (TycA), 
Marahiel and coworkers have been able to overproduce a 
functional 112-aa peptide synthetase carrier protein [8] 
(Fig. 7). This protein undergoes partial phosphopante- 
theinylation in E. coli, and can then act as an aminoacyl 
acceptor when incubated with its corresponding adenyl- 
ation/cransferase domain. The PCP substrate is easily 
purified from endogenous E, coii ACP when expressed as 
a hexahistidine fusion (data not shown). An analogous 
strategy led to construction and isolation of a hexa- 
histidine fusion of SrfBl, a 143 kDa fragment containing 
the amino-acid-activating and PCP domains involved in 
the activation of the fourth residue (valine) in surfactin 
biosynthesis (Fig. 7). 
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Table 1 



ACP synthase homologs.* 



Pathway 



Protein 



Organism 



Enterobactin 



Surfactin 

Gramicidin S 
Bacitracin 
Iturin A 
Nosiheptide 
Lysine 
Fatty acids 



Differentiation 
Unknown 



EntD 



Sfp 
Psf-1 
Gsp 
Bli 

Lpa-14 

NshC 

LYS5 

ACPS 

H10152 

FAS2 



Hetl 

.0195 

1314154 

CELT04G9 



£ coli 

S. typhimurium 
S. austin 
S. flexneri 
B. subtilis 
B. pumilus 
B. brevis 
B. licheniformis 

B. subtilis 
S. actuosus 
S. cerevisiae 
£ coli 

H. influenzae 
S. cerevisiae 

C. albicans 
P. patulum 
S. pombe 
A. nidulans 
Anabaena sp. 
Synechocystis sp. 
£ coli 

S. pombe 
C. elegans 



Size 



209 aa 
232 aa 

232 aa 
209 aa 

224 aa 

233 aa 
237 aa . 

225 aa 
224 aa 
253 aa 
272 aa 
126 aa 
235 aa 
1894 aa 
1885 aa 
1S57 aa 
I842aa 
1 559 aa 
237 aa 
246 aa 
195 aa 
258 aa 
297 aa 



•All sequences except NshC {W Strohl, personal communication, 
GenSank Accession Number U75434, submitted) and Bli 
"(M Marahiel, unpublished) are available in the GenBank, Sw.ssProt, 
or EMBL databases. 

As mentioned above, recombinant PCP undergoes partial 
phosphopantetheinylation when expressed m'E. coh [8]. 
When recombinant PCP was incubated with purified 
ACPS and pH]-(pancetheinyl)-CoASH in vitro, however, 
no incorporation of 3 H label was observed (Fig. 8). This 
result agreed with our earlier finding that ACPS cannot 



catalyze the modification of EntF, another type I peptide 
synthetase component. We therefore hypothesized that 
another E. coli P-pant transferase activity, probably EncD 
given its sequence similarity to ACPS, is specific for 
the phosphopantetheinylation of EntF or recombinant 
PCP overproduced in E. coli. To test this idea, we 
incubated each of the four pure proteins ACPS, EntD, 
ol95, and Sfp with apo-ACP and apo-PCP in the presence 
of [ 3 H]CoASH. Each of the four candidate P-pant trans- 
ferases generated tritiated ACP and/or PCP in TCA 
precipitation "assays (data not shown). To verify that 
the *H label that coprecipitated with ACP and PCP 
represented covalent attachment of P-pant, the tritiated 
products were subjected to SDS electrophoresis and 
autoradiography (Fig. 8). It is clear that both ACPS and Sfp 
show robust phosphopantetheinylation activity (Fig. 8a). 
When apo-ACP is the subs'trate, EntD is weakly active 
compared to ACPS and Sfp and ol95 is even less active, 
but both EntD and ol95 give signals well above the 
background, showing that EntD and ol95 do have P-pant 
transferase activity. When the 13 kDa apo-PCP was used 
as substrate for these four P-panc transferases in Figure Sb, 
Sfp and EntD are now highly active, but ol95 and ACPS 
give no detectable modification at the single timepoint. 
When the much larger substrates apo-EntF and apo-SrfBl . 
fragment (140 kD) are used (Fig. 8c), the cognate 
enzvmes, EntD for EntF and Sfp for SrfBl, are obviously 
competent for posttranslational phosphopantetheinylation. 
Mass spectrometry was used to confirm that the tritium 
incorporated into the apo-proteins represented transfer of 
the intact phosphopantetheinyl group. We previously 
validated this approach using ACPS as catalyst and holo- 
ACP as product [2] and used it here to examine PCP 
modification. Mass spectrometric analysis (MALDI-TOF) 
of unlabeled enzymatic holo-PCP indicated a molecular 



Figure 6 



(a) Sfp 



(b) EntD 




(c)o195 




Overproduction of candidate P-pant 
transferases, (a) Purification of Bacillus 
subtilis Sfp heterologously expressed in 
Escherichia coli. (b) Overproduction and 
purification of £ coli EntD. 
(c) Overproduction and purification of £ coli 
o1 95. All gels shown are SDS-PAGE (1 5 % 
acrylamide, 2.6 % bisacrylamide). 
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Figure 7 



P-pant acceptor domains and the His 6 -tagged 
constructs used for purification. Schematic 
diagram showing the comparative alignment 
of (a) SrfB and the SrfB1-His 6 fragment, 
(b) Tyc A and its constituent PCP domain 
tagged with His 6 and (c) EntF. Amino-acid- 
activating domains are shown in light purple. 
Phosphopantetheine attachment sites are 
shown in dark purple. 
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weight* of 13 431 (calculated 13459) in contrast to an 
observed molecular weight of 13 130 (calculated 13 120) 
for the apo-PCP substrate. These are the first data that 
establish that EntD, Sfp, and ol95 are enzymes'and that 
they catalyze the transfer of P-pant to the serine sidechain 
of an acyl carrier protein!. 

Specificity of ACPS, EntD and o195 

Having demonstrated that EntD does in fact have P-pant 
transferase activity, we sought kinetic confirmation that 
it is indeed the enzyme responsible for the posttransla- 
tional modification of EntF. As described above, auto- 
radiography of SDS gels confirmed incorporation of 
radiolabeled phosphopantetheine into EntF catalyzed 
by EntD (Fig. 8c). Furthermore, a time course of EntD- 
catalyzed incorporation of radiolabel into EntF provides 
in vitro evidence of at least two partner-specific P-pant 
transfer reactions occurring within E. cofi. ACPS specif- 
ically catalyzes the transfer of P-pant to apo-ACP, while 
EntD is the transferase for its partner EntF. EntF is 
modified effectively by EntD (100 nM), whereas EntF 
undergoes almost no modification in the presence of 
15-fold higher concentrations of ACPS and ol95, clearly 
demonstrating the specificity of EntD for EntF (Fig. 9a). 
In contrast, apo-ACP is almost exclusively modified by 
ACPS (Fig. 9b), confirming that. in Exoli ACPS is the 
P-pant transferase that activates the type II fatcy acid 
synthase and EntD is the P-pant transferase that activates 
the type I enterobactin synthetase. The autoradiogram in 
Figure 8a shows, however, that both o!95 and EntD can 



modify apo-ACP; the rate of modification is very low, 
yet is significantly higher than the background rate in the 
absence of enzyme (Fig. 8a, lane 5). This is presumably 
due to non-specific enzyme-catalyzed phosphopante- 
theinylation of the conserved serine residue. Assuming 
that the inclusion-bound ol95 has been properly refolded 
and that an additional glycine introduced " after the 
methionine start during PCR cloning has no significant 
effect on activity, it would appear that ol95 is specific for a 
third, as yet unknown, substrate in E. cofi; presumably P- 
pant transfer to this unknown protein would require ol95 
and would not be efficiently catalyzed by ACPS or EntD. 

Specificity of Sfp toward apo-SrfB1, apo-PCP and apo-ACP 

Sfp appears to be non-specific, efficiently catalyzing the 
modification of the two Bacillus derived type I peptide 
synthetase domains, apo-PCP and apo-SrfBl, the E. cofi 
type II fatty acid synthase apo-ACP subunit (Fig. 8) and 
EntF (data not shown). Based on this evidence, Sfp would 
appear not to discriminate between type I peptide syn- 
thetase domains and type II fatty acid synthase subunits 
suggesting that there may be crosstalk between Sfp and 
fatty acid synthase, at least when expressed in E. cofi. 
Careful kinetic analysis to determine whether Sfp selec- 
tively modifies SrfABC and not the B. subtifis fatty acid 
synthase ACP subunit must await overproduction of the B. 
subtifis ACP, however. Morbidino and co-workers [29] have 
been able to sequence the entire B, subtifis ACP protein by 
Edman degradation, but the intact acpP gene appears to be 
toxic to E. cofi and has proven difficult to clone. 
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Figure 8 
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P-pant transferase reactions. Coomassie-stained gels are shown for 
each P-pant transferase incubation with the corresponding 
autoradiograms and integrated band intensities for individual P-pant 
transferase incubations, (a) Incubations of ACPS (1 .8 p.M), o1 95 
(2.2 |jlM), EntD (1 .3 jxM), Sfp (1 .6 u.M) or no enzyme with apo-ACP 



(1 50 u.M) as substrate, (b) Incubations of ACPS (1 .8 jiM), o1 95 
(2.2 fiM), EntD (1 .3 jiM), Sfp (1 .6 u.M) or no enzyme with apo-PCP 
(45 jxM) as substrate, (c) Incubations of EntD (1 .3 p.M) and Sfp 
(1.6 yM) with their homologous substrates apo-EntF and apo-SrfB1 . 



Holo-SrfB1 can activate L- valine 

The action of Sfp on the 143 kDa SrfBl fragment in 
conversion of the apo-form to the holo-form (Fig. 1) should 
generate a phosphopantetheinylated SrfBl competent to 
undergo specific recognition and acylation by the amino 
acid L-valine, residue 4 in surfactin (Figs 4,7)- Apo-SrfBl 
undergoes very little acylation when incubated with [ 14 C]- 
L-valine, showing that the contamination of this pre- 
paration by holo-SrfBl is small. After incubation with Sfp, 
however, the level of [ 14 C]-L-vaIine-holo.-SrfBl covalent 
complex formed in the complete, incubation mixture 
increases about 14-fold, consistent with an increase in the 
amount of holo-SrfBl present. The [ 14 C]-L-valine is used 
by the amino-acid-activating domain of holo-SrfBl to make 
valyl-AMP which then undergoes intramolecular acyl- 
transfer to the SH group of the P-pant moiety in the 
adjacent PCP domain. Holo-SrfBl cannot be covalencly 
acylaced by the non-cognate L-aspartate residue, the fifth 



amino acid to be activated by SrfABC, as expected given 
the absence of an aspartate-specific adenylation domain on 
SrfBl. Thus the holo-SrfBl formed following incubation 
with Sfp and CoASH has both an active adenylation 
domain and a functional holo-pepridyl carrier protein 
domain, and should therefore be a useful reagent to probe 
peptide-bond-forming steps between adjacent sites of 
multienzyme, multiple thiotemplate synthases. 

Discussion 

The transfer of 4'-phosphopantetheine from CoASH to 
conserved serine residues in the signature sequences 
of acyl carrier protein domains (type I) or subunits (type II) 
is essential for the functional activation of all fatty 
acid synthases, polyketide synthases and non-ribosomal 
peptide synthetase complexes. This posttranslational 
phosphopantetheinylation introduces a covalently-attached 
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Time courses of P-pant transferase activity, (a) Time course of EntD 
(1 00 nM), ACPS (1 .8 p-M), or o1 95 (1 .5 p.M) incubated with apo-EntF 
(20 jiM) as measured by radioassay. (b) Time course of EntD (1.6 \xM), 
ACPS (1 00 nM), or o1 95 (1 .5 (xM) incubated with apo-ACP (50 jjlM). 



nucleophilic thiol on a long tether that becomes the site of 
all the initiation and acyl transfer events involved in the 
assembly of the broad array of natural products synthesized 
by these enzymes. Thus, identification of the P-pant 
loading enzymes that create the active holo-ACP forms by 
posttranslational modification is important to the under- 
standing of both the molecular mechanism of holo-ACP 
formation and the specificity of serine phosphopanteth- 
einylation. These findings will aid in the design of 
strategies for heterologous production of functional 
polyketide and polypeptide synthetases (e.g. in combin- 
atorial biosynthesis of 'unnatural' natural products), and 
studies aimed at the synthesis of inhibitors of specific 
P-pant loading reactions (e.g. in fungal lysine biosynthesis, 
see below). 

Our recent purification, characterization, and identi- 
fication of the E. coll holo-ACPS [2] provided the first 



molecular information on this class of posttranslational- 
modifying enzymes. Somewhat to our surprise, initial 
database searches with the E. coll ACPS sequence 
revealed no obvious homologs in the protein databases. 
We eventually detected marginal similarities of 15-22 % 
over 120 residues in the carboxy-terminal region of three 
fungal fatty acid synthases (Fig. 5), indicating that the 
phosphopantetheinylating activity may have been 
integrated as a domain in these polyenzymes. For 
example the carboxy-terminal 121 aa of the 1894-aa yeast 
fatty acid synthase subunit II (yFASII) might act 
intramolecularly to add a P-pant unit to Serl80 on the 
putative ACP domain of this polyprotein. We have not yet 
obtained active fragments of yFASII that catalyze these 
reactions in trans, but Schweizer's group [13-18] has 
previously reported that two mutated fatty acid synthases, 
one in which the mutation is at Serl80 and the other at 
Glyl777, which are inactive alone, can complement each 
other in vivo and in vitro, consistent with this proposal. 

EntD, Sfp and Gsp as specific P-pant transferases 

Starting with E.coll ACPS, we detected three bacterial 
proteins EntD, Sfp, and Gsp which have previously been 
identified by complementation as orthologous genes 
[19,20]. The specific functions of sfp, gsp and entD have 
until now been obscure. The studies described here 
establish that Sfp has phosphopantetheinyl transferase 
activity and clearly assigns a catalytic loading function to 
Sfp. It posttranslationally modifies the conserved serine in 
the first subsite of SrfB, which is responsible for valine 
activation. We expect that Sfp will be able to modify the 
consensus serine residue in all seven amino-acid-activ'ating 
sites in SrfABC (Fig. '4) and by extension that Gsp will 
catalyze P-pant transfer to the five amino-acid activating 
sites in GrsA and GrsB, allowing the sequential activation 
and polymerization of amino acids as required for the 
thiotemplate mechanism for non-ribosomal peptide bond 
assembly [30]. The bit and lpa-14 gene products most 
probably have an equivalent role, that is iterative 
P-pantetheinylation of each amino acid-activating domain 
in B. licheniformis bacitracin synthetase [31] and B. subtllis 
iturin A synthetase respectively [32]. While in vitro 
enzymatic specificity remains to be fully explored, the in 
vivo genetic studies [11,32] argue strongly for specific 
partner protein recognition by a distinct P-pant transferase. 
This may well be a general theme in non-ribosomal peptide 
antibiotic biosynthesis. While Sfp, Gsp and EntD are 
required for peptide and depsipeptide biosynthesis, these 
proteins are not essential for survival [10,33]. We predict, 
however, that there will be other as yet unidentified P-pant 
transferases in the Bacillus organisms specific for the ACP 
subunits of their respective fatty acid synthases which, like 
E. colt ACPS, will be essential for viability. 

A third example of a partner protein-specific phospho- 
pantetheinyl transferase is EntD, one of the proteins 
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Figure 10 
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r 4 C] Valine activation by holo-SrfB1 . In the first column, SrfB1 (2 y.M) 
was preincubated with CoA (200 u.M) in the absence of Sfp before 
subsequent incubation with r 4 C3-L- Valine (100 uM 42.4 Ci mot -1 ) and 
ATP (2 mM): In the second column, SrfBl was preincubated with CoA 
(200 u.M) in the presence of Sfp (1 .3 p.M) before subsequent incubation 
with [ l4 C]-L-Valine (100 u.M, 42.4 Ci moM) and ATP (2 mM). In the 
third column, SrfBl (2 jiM) was preincubated with CoA (200 u.M) in the 
presence of Sfp (1.3 u.M) before subsequent incubation with [ 14 CR- 
Aspartate (100 jjlM, 40.3 Ci mol" 1 ) and ATP (2 mM). 



-required for production and secretion of the iron- 
scavenging dihydroxybenzoyl-serine trilactone entero- 
bactin in £. coli. We had previously cloned, sequenced, 
and purified EntF, a 140 kDa component of the 
enterobactin synthetase, and demonstrated that it activates 
L-serine and contains phosphopantetheine [6,7). As EncD 
is required for enterobactin biosynthesis in vivo [10] and 
shows high activity for in vitro P-pantetheinylation of pure 
apo-EntF, it is now clear that EntD is defined as the 
specific P-pant transferase that makes active holo-EntF 
from apo-EntF in vivo. Pure ACPS from E. coli will not 
significantly posttranslationally modify EntF, consistent 
with the hypothesis that protein-protein recognition 



controls the specificity of phosphopantetheinylation in 
vivo. We predict that incubations of EntD and the entero- 
bactin synthetase components with CoASH, L-serine and 
dihidroxybenzoate should reconstitute /// vitro enterobactin 
production. At 140 kDa, EntF is the appropriate size for an 
amino-acid-activating module in a multidomain 
polypeptide synthetase [34]. It can be efficiently modified 
in vitro by EntD, showing that P-pant addition can occur 
after translation of the apo-protein, and not only co- 
translationally prior to folding of the apo-protein into its 
native structure. The NMR structure of E. coli apo-ACP 
shows that the nucleophilic Ser36 is in an accessible [J-turn 
[35]; this may be a common architectural scaffolding for 
ACP domains in polyketide and polypeptide synthases and 
may be important in recognition by P-pant transferases. 

Other P-pantetheinyl transferases 

Using the EntD/Sfp/Gsp family as a base for further 
database searches has led to the identification of several _ 
additional candidates that are probably P-pant transferase 
family members (Table 1). Of these, in addition to ACPS 
and EntD, we have subcloned, expressed and 
characterized ol95 as a third E. coli protein with P-pant 
transferase activity. The activity of ol95 towards apo-ACP 
and apo-EntF is low, suggesting that ol95 specifically 
catalyzes efficient P-pant transfer to an as yet unidentified 
substrate. A hypothetical protein, HI0152, in Haemophilis 
influenzae has been identified as a putative P-pant 
transferase. This resolves the apparent problem that no P- 
pant transferase in the Haemophilis genome had previously 
been found using ACPS-based searches. HI0152 is 
positioned directly upstream of the H. influenzae fatty acid 
synthase gene cluster, consistent with the notion that its 
protein product might be involved in fatty acid biogenesis. 
There is also some evidence that two additional proteins 
in cyanobacteria have similar functions (Table 1). In 
Anabaena, the genes Hetl, HetM y and HetN have been 
implicated in the production of an unidentified secondary 
metabolite that inhibits heterocyst differentiation (a 
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Scheme showing the reaction previously proposed to be catalyzed by 
the Lys2-Lys5 complex. a-Aminoadipate is first activated to a-amino- 



adipoyl-AMP. This acyl-adenylate would then undergo direct reduction in 
a NAD(P)H dependent reaction to yield a-aminoadipate semialdehyde. 
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Scheme showing the reaction we now propose to be catalyzed by adipoyl-S-pant-Lys2. This thioester then undergoes direct reduction in 

Lys2. Following phosphopantetheinylation of Lys2 catalyzed by Lys5, a NAD(P)H dependent reaction to yield a thiohemiacetal intermediate 
aminoadipate is transferred from aminoadipoyl-AMP to yield a-amino- which then decomposes to the a-aminoadipate semialdehyde. 



process occurring under low fixed nitrogen conditions in 
which a subsec of cyanobacterial cells differentiate into , 
the specialized heterocysts which have the ability to fix 
nitrogen) [36]. Sequence analysis suggests HetN is a 
NAD(P)H-dependent oxidoreductase like those involved 
in the biosynthesis of polyketides and fatty acids, while 
HetM has an ACP domain. Hetl shows similarity to 
Sfp/Gsp/EntD, and is thus likely to be the HetM -specific 
phosphopantetheinyl transferase in the synthesis of the 
hypothesized secondary metabolite. 

A final example is the 272-aa Lys5 protein involved in the 
yeast lysine biosynthecic pathway. Yeast and other fungi 
synthesize lysine via the unique a-aminoadipate pathway, 
an eight-step pathway beginning with homocitrate and 
proceeding via a-aminoadipate to saccharopine to lysine 
[37]. Complementation analysis suggests that Lys2 and 
Lys5 are involved in the same step in this pathway, 
the reduction of a-aminoadipate to aminoadipate 
semialdehyde [38]. Labeled pyrophosphate exchange 
experiments indicate that this reaction appears to proceed 
through an a-aminoadipoyl-AMP intermediate [39,40]. 
Recent sequence analysis [41] shows Lys2 to be a 
155 kDa protein with homology to amino-acid-activating 
peptide synthetases including TycA, GrsAB, and SrfA. 
Like these peptide synthetases, Lys2 is believed to cleave 



ATP to AMP and PPi, activating a-aminoadipate to the 
a-aminoadjpoyl-AMP which is then reduced by NADPH 
to the aldehyde (Fig. 11). A search for a consensus P-pant 
attachment site in Lys2 reveals the signature motif 
LGGHS around Ser880. We therefore propose, in contrast 
to previous suggestions, that Lys2 and Lys5 may form a 
two-subunit enzyme [38], that the 272-aa Lys5 is a 
specific phosphopantetheinyl transferase for Ser880 in 
Lys2. The thiol of the newly-introduced P-pant prosthetic 
group on Lys2 would attack the aminoadipoyl-AMP to 
giveaminoadipoyl-S-pant-kys2, in a similar manner to the 
sequential formation of aminoacyl-AMP to aminoacyl-S- 
pant-TycA in the homologous tyrocydine synthetase A 
subunit (Fig. 12). At this point, hydride addition to the 
acyl-S-pant-Lys2 would yield a thiohemiacetal which 
would readily decompose to aldehyde product and 
HS-pant-Lys2. This sequence has precedent in the 
reverse direction in the oxidation of glyceraldehyde-3-P to 
the acyl-S-enzyme in GAP dehydrogenase catalysis via a 
cysteinyl-S-enzyme hemithioacetal [42]. 

Significance 

We have obtained evidence for a family of more than 
a dozen proteins with catalytic posttranslational 
modification activity. We anticipate that all these proteins 
will prove to be phosphopantetheinyl transferases with 
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CoASH as a common substrate but will show specificity, 
directed by protein-protein interactions, for the conserved 
serine motif in particular partner proteins. It is likely that 
most, if not all, of the multienzyme peptide synthetases 
that use the multiple thio template scaffolding strategy to 
make peptide antibiotics nonribosomally [30] will have 
a partner-protein-specific posttranslational modifying 
enzyme that covalendy adds the swinging arm thiol group 
required to enable acyl transfers. The new proteins in this 
family are 50-150 amino acid residues longer than the 
first one discovered, the 125-aa £. coli ACPS subunit; 
these extra amino acids may be responsible for specificity 
of partner-protein binding. It remains to be seen whether 
the many polyketide synthase complexes will use this 
strategy for posttranslational modification. 

Materials and methods 

Overproduction, purification and characterization of EntD, Sfp, 
and o195 

B. subtilis Sfp was overproduced and purified from £ coli strain 
MV1 1 90/pUC8-sfp as previously described by Nakano et a/. [11] 
(Fig. 6). EntD was PCR- amplified from wild-type £ coli K-1 2 by colony 
PCR using the forward primer 5'*ATTATAT£G£IGGgtTCcTCcGTtTC* 
cAAcATGGTCGATATGAAAACTACGCA-3' and the reverse primer 
5'-TGATGTCAAQCIEATTAATCGTGTTGGCACAGCGTTAT-3' (IDT). 
The forward primer introduced an Nco\ restriction site (underlined) 
_ which allowed mutation of the TTG start to an ATG start and inserted a 
" Gly codon (GGT) after the Met initiator. In addition the forward primer 
optimized codon usage for the first six codons of the entD gene 
(modified bases shown in lower case). The reverse primer incorporated 
a H/ndlll restriction site (underlined). The A/col/H/ndlll digested PCR 
product was cloned into pET28b (Novagen) and transformed into 
competent £ coli DH5a. The recombinant entD sequence was 
confirmed -by DNA sequencing (Daria-Farber Molecular Biology Core 
Facility, Boston, MA). Competent cells of the overproducer strain £ coli 
BL21 (DE3) were then transformed with the supercoiled pET28b-enfD. 
Induction of a 2-I culture of BL21 (DE3)pET28b-enfD with 1 mM 
isopropyl-(3-D-thiogalactopyranoside (IPTG) followed by growth at 25°C 
for 5 h yielded predominantly inclusion-bound EntD, although a modest 
amount of the overproduced protein was soluble. The overproduction of 
soluble EntD may be complicated by the fact that the wild type Ent 
proteins are synthesized in detectable quantities only under iron-starved 
conditions. Furthermore, although the recombinant EntD is functional as 
a soluble protein, the wild type EntD has been reported to be 
membrane bound [43]. The induced celt paste was resuspended in 
50 mM Tris, 1 mM EDTA, 5 % glycerol, pH 8.0 (40 ml) and tysed by # 
two passages through the French press at 1 5 000 psi. Cellular debris' 
and inclusion bound protein was removed by centrifugation at 8000 x g 
for 30 mtn. Pulverized ammonium sulfate was added to 35 %, 65 % and 
80 % saturation. The 35 % fraction containing the largest fraction of 
EntD was applied to a 2.5 x 1 15 cm Sephacryl S-100 column. The 
column was eluted at a flow rate of 1 ml min -1 using the same buffer as 
above, collecting 8 ml fractions to obtain homogeneous protein. 

Similarly, o195 was PCR-amplified from wild-type £ coli K-1 2 by colony 
PCR using the forward primer 5'-ATTATATCCATGGgtTAcCGGAT 
AGTTCTGGGGAAAGTT-3' and the reverse primer 5'-TGATGTCAA 
GCIIATCAGTTAACTGAATCGATCCATTG-S'tlDT). The forward 
primer with its Wcol restriction site (underlined) gave insertion of a Gly 
codon (GGT) after the Met initiator codon of the o195 sequence; 
codon usage for the succeeding codon was also optimized (base 
change shown in lower case). The reverse primer incorporated a H/ndlll 
restriction site (underlined). The Wcol/H/ndlll-digested PCR product 
was cloned into pET28b (Novagen) and transformed into competent 



£ coli DH5a. The recombinant o195 sequence was confirmed by 
DNA sequencing (Dana-Farber Molecular Biology Core Facility, Boston, 
MA). Competent cells of the overproducer strain £ colt BL21 (DE3) 
were then transformed with the supercoiled pET28b-o1 95. Induction of 
a 2*l culture (2 x YT media) of BL21 (DE3)pET28-o1 95 with 1 mM IPTG 
followed by growth at 37° C for 3.5 h yielded predominantly inclusion- 
bound o195 protein. The cell paste was resuspended in 50 mM 
Tris-HCI, 1 mM EDTA, 5 % glycerol, pH 8.0 (40 ml) and lysed by two 
passages through a French pressure cell at 1 5 000 psi. Cellular debris 
and inclusion-bound protein was pelleted by centrifugation at 
27 000 x g for 30 min. The inclusion-bound protein pellet was resus- 
pended in 30 ml of 50 mM Tris-HCI, pH 8.0, 1 mM EDTA, and 5 % 
glycerol and "incubated for 30 min at room temperature with 10 mg 
lysozyme and 30 mg deoxycholate. The pellet was reobtained by 
centrifugation for 15 min at 27 000 x g and solubilized in 30 ml of 8 M 
urea, 50 mM Tris-HCI, pH 8.0, 10 mM dithiothreitol (DTT). Residual 
solid material was removed by centrifugation for 1 5 min at 27 000 x g. 
The urea-solubilized solution (30 ml) was then applied to a 2.5 x 1 0 cm 
Q-Sepharose column equilibrated with B M urea, 50 mM Tris-HCI, 
pH 8.0. The column was washed with 50 ml of the equilibration buffer 
and then a gradient of 250 mi 0-0.25 M NaCI in 8 M urea, 50 mM 
Tris-HC! pH 8.0 followed by 200 ml of 0.25-1 M NaCI in the same 
buffer was applied. The o195 protein eluted at -200 mM NaCI as 
determined by 1 5 % SDS-PAGE. The purified o1 95 was renatured by 
diluting a portion of it 10-fold in 8 M urea, 50 mM Tris-HCI, pH 8.0, 1 0 
mM DTT and dialyzing overnight at 4°C against 10 mM Tris-HCI, 
pH 8.0, 1 mM DTT. Two liters of culture grown in 2 x YT media yielded 
3.1 g of cells from which -80 mg of o.1 95 protein was obtained. 

Production of apo-protein substrates, apo-ACP, apo-PCP, 
apo-EntF, and apo-SrfB . 

The £ coli fatty acid synthase ACP was overproduced and purified in 
its apo-form from £ coli strain DK554 [21] following the procedure of 
Rock and Cronan [44] with the exception that following cell disruption 
and centrifugation (30 min at 28 000 x g), the crude extract containing 
10 mM MgCI 2 and 10 mM MnC1 2 was incubated for 60 min at room 
temperature. In this manner, minor amounts of holo-ACP were hydrolyzed 
to the apo-form using the endogenous £ coli ACP phosphodiesterase 
[45]. The PCP domain of TycA was overproduced with a hexahistidine 
tag using £ coli strain SGl3009(pREP4)/ pQE60-PCP [8]. Following 
lysis of the induced culture the His 6 -tagged protein was purified by 
nickel-chelate chromatography. £ coli apo-EntF was purified as 
previously described [7]. 

Apo-SrfBl was cloned from plasmid p1 20-21 E [46]. Briefly, p1 20-21 E 
was digested with EcoRV to release a 3648-base-pair fragment 
encoding the SrfB1 , valine-activating domain of surfactin synthetase. 
This fragment was inserted into Stul-cleaved pPROEX-1 (Gibco/BRL 
Life Sciences Technologies) to give plasmid pML1 1 8 which codes for a 
amino-terminal His 6 -tagged SrfB1 domain (142.7 kDa). His 6 -SrfB1 was 
overproduced using £ coli strain AG1574 (courtesy A. Grossman) 
[47]. Cells were grown at 25° C in 2 x YT media (2 I) to an CD. of 0.4 
at which point they were induced with 1 mM IPTG and allowed to grow 
for an additional 4 h. Cells were harvested by centrifugation (3 g), 
resuspended in 35 ml of 5 mM imidazole, 500 mM NaCI, 20 mM 
Tris-HCI, pH 7.9 and lysed by two passages through a French pressure 
cell. This crude extract was clarified by centrifugation for 30 min at 
27 000 x g. More than 50 % of the overproduced SrfB1 was obtained 
in the soluble fraction as determined by 6 % SDS-PAGE. His 6 -tagged 
SrfB1 was purified on His-Bind resin (Novagen) following the 
manufacturer's recommendations. 

Assay for apo-protein to holo-protein conversion by 3 H-P-pant 
group transfer from 3 H-coenzyme A 

P-pant transferase activity (Fig. 1) was measured by radtoassay. 
Enzyme preparations (final enzyme concentrations of 0.1-2.2 u.M) 
were incubated with 75 mM Tris-HCI, pH 8.8, 10 mM MgCI 2 , 25 mM 
DTT, 200 p.M pH]-(pantetheinyl) -CoASH (5.3 x 10 6 dpm total activity) 



Research Paper Phosphopantetheinyl transferase superfamily Lambatot era/. 935 



and substrate (apo-ACP, apo-PCP, apo-EntF or apo-SrfB1, at final 
concentrations of 10-150 u.M) for various times at 37° C in a final 
volume of 1 00 \x.l The incubations were quenched with 1 0 % TCA and 
500 p.g bovine serum albumin (BSA) was added as a carrier. The 
protein was precipitated by centrifugation, washed 3 times with 1 0 % 
TCA, and the protein pellet solubilized with 1 50 pit 1 M Tris base. The 
resuspended protein was added to 3 ml liquid scintillation cocktail and 
the amount of pH]-phosphopantetheine incorporated into the 
substrate protein was quantified by liquid scintillation counting. Assays 
for autoradiography were performed as described above except 
20 u.M [ 3 H]-(pantetheinyl)-CoASH (2.6 x 10 6 dpm total activity) was 
used in the assay, no BSA was added to the TCA precipitate, and 
pellets were solubilized in SDS or native PAGE sample buffer titrated 
with 1 M Tris base. Assays using apo-PCP as substrate were resolved 
by 1 5 % SDS-PAGE, assays using £ coli ACP were resolved by 20 % 
native PAGE, and assays using SrfBl or EntF were resolved on 8 % 
SDS-PAGE. Gels were Coomassie-stained, soaked for 30 min in 
Amplify (Amersham), dried at 80° C under vacuum and exposed to X-ray 
film for 24-1 50 h at -70°C (Fig. 8). The auto radiograms were scanned 
using a digital scanner and relative intensities of the radiolabeled bands 
were quantified using NIH Image 1.59 software (National Institutes 
of Health, USA). 

Assay for activation of (.-valine by holo-SrfBI 
Apo-SrfBl (2-u.M) was incubated with 200 u-M CoASH, 75 mM 
Tris-HCI pH 8.0, 10 mM MgCI 2 , 25 mM DTT and 1,3 u.M Sfp for 
15 min at 37° C to generate holo-SrfBl . To the SrfBl -Sfp reaction 
mixture, 14 C-labeled amino acid (valine, 42.4 Ci mol" 1 ; aspartic acid, 
40.3 Ci mol" 1 ) was added to 1 00 u.M final concentration. ATP was 
added to a final concentration of 2 mM and the reaction (115 u.L) was 
incubated for 1 5 min at 37° C, then stopped by the addition of 800 jxL 
10 % TCA with 15 jxl of a 25 mg ml" 1 BSA solution as carrier. The 
precipitate was collected by centrifugation, washed with 1 0 % TCA, 
"3Tssblved in 1 50 u.l Tris base, and then counted by liquid scintillation. 
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SUBSEQUENT HISTORY: As Corrected July 10, 
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PRIOR HISTORY: [*1] Appealed from: United States 
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Senior Judge James M. Fitzgerald, District of Alaska. 
Integra LifeSciences I, Ltd. v. Merck KgaA, 1999 U.S. 
Dist. LEXIS 10380 (S.D. Cal., Feb. 9, 1999) 

DISPOSITION: AFFIRMED-IN-PART, 
REVERSED-IN-PART, and REMANDED. 

CORE TERMS: patent, peptide, exemption, patented, 
experiment, cyclic, infringement, patentee, royalty, 
technology, invention, common law, license, hypothet- 
ical, infringing, cell, safe harbor, negotiation, generic, 
embrace, clinical, sequence, scientific, candidate, test- 
ing, specification, linear, experimentation, expiration, 
infringed 

LexisNexis (TM) HEADNOTES- Core Concepts: 

Civil Procedure > Appeals > Standards of Review > 
De Novo ReviewPatent Law > Infringement > Claim 
Interpretation 

[HN1] The United States Court of Appeals for the 
Federal Circuit reviews a district court's statutory in- 
terpretation and patent claim construction without def- 
erence. 

Civil Procedure > Appeals > Standards of Review > 
Substantial Evidence Rule 

[HN2] Determining a reasonable royalty is an issue of 
fact, which the United States Court of Appeals for the 
Federal Circuit reverses only in the absence of substan- 
tial evidence. 

Civil Procedure > Trials > Judgment as Matter of 
LawCivil Procedure > Appeals > Standards of Review 



> De Novo Review 

[HN3] The United States Court of Appeals for the 
Federal Circuit reviews the denial of a motion for judg- 
ment as a matter of law following a jury verdict without 
deference. 

Patent Law > Remedies > Bad Faith Enforcement 
[HN4] See 35 U.S.C.S. § 271(e)(1). 

Patent Law > Remedies > Bad Faith Enforcement 
[HNS] 35 U.S.C.S. § 271(e) permits pre-market ap- 
proval activity conducted for the sole purposes of sales 
after a patent's expiration. 

Patent Law > Remedies > Bad Faith Enforcement 
[HN6] See 35 U.S.C.S. § 271(a). 

Patent Law > Remedies > Bad Faith Enforcement 
[HN7] The 35 U.S.C.S. § 271(e)(1) safe harbor covers 
those pre-expiration activities reasonably related to ac- 
quiring approval of a drug already on the market by the 
United States Food and Drug Administration (FDA). A 
district court thus correctly confines application of the 
§ 271(e)(1) exemption to activity that would contribute 
to information the FDA considers in approving a drug. 

Patent Law > Remedies > Damages 
[HN8] After finding patent infringement, a jury may 
award a patentee damages adequate to compensate for 
the infringement, but in no event less than a reasonable 
royalty for the use made of the invention by the infringer. 
35 U.S.C.S. § 284. 

Patent Law > Remedies > Damages 
[HN9] A reasonable royalty calculation envisions and 
ascertains the results of a hypothetical negotiation be- 
tween the patentee and the infringer at a time before 
the infringing activity began. Thus, the reasonable roy- 
alty calculus assesses the relevant market as it would 
have developed before and absent the infringing activ- 
ity. Although an exercise in approximation, that analysis 
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must be based on sound economic and factual predicates. 
Royalties, like lost profits, are compensatory damages, 
not punitive. 

Patent Law > Remedies > Damages 
[HN10] The first step in a reasonable royalty calculation 
is to ascertain the date on which the hypothetical negoti- 
ation in advance of infringement would have occurred. 
The correct determination of that date is essential for 
properly assessing damages. 

COUNSEL: Donald R. Dunner, Finnegan, Henderson, 
Farabow, Garrett & Dunner, L.L.R, of Washington, 
DC, argued for defendant-appellant Merck KGaA. With 
him on the brief were Thomas H. Jenkins, David 
A. Manspeizer, and Rachel H. Townsend. Of counsel 
on the brief were M. Patricia Thayer, Heller Ehrman 
White & McAuliffe, LLP, of San Francisco, California; 
and William C Rooklidge, Howrey Simon Arnold & 
White, LLP, of Irvine, California. Of counsel was Esther 
H. Lim, Finnegan, Henderson, Farabow, Garrett & 
Dunner, L.L.R, of Washington, DC. 

Mauricio A. Flores, Campbell & Flores LLP, of San 
Diego, California, argued for plaintiffs-cross appellants 
Integra LifeSciences I, Ltd. and The Burnham Institute. 
With him on the brief was David M. Beckwith. Of coun- 
sel on the brief were Raphael V. Lupo, Mark G. Davis, 
and Natalia V. Blinkova, McDermott, Will & Emery, of 
Washington, DC. Of counsel was Donna M. Tanguay. 

JUDGES: Before NEWMAN, RADER, and PROST, 
Circuit Judges. Opinion for the court filed by Circuit 
Judge [*2] RADER. Concurring-in-part, dissenting- 
in-part opinion filed by Circuit Judge NEWMAN. 

OPINIONBY: RADER 

OPINION: RADER, Circuit Judge. 

Following a jury trial, the United States District 
Court for the Southern District of California ruled 
that Merck KgaA (Merck) infringed U.S. Patent Nos. 
4,988,621 ('621 patent), 4,792,525 ('525 patent) 
5,695,997 ('997 patent), 4,879,237 ('237 patent), 
and 4,789,734 ('734 patent), belonging to Integra 
Lifesciences I, Ltd., the Burnham Institute and Telios 
Pharmaceuticals, Inc. nl (Integra). The district court 
held that subsection (e) of 35 U.S.C. § 271 did not immu- 
nize Merck against liability for infringement of the '525, 
'237, '997, and '734 patents. See 35 U.S.C. § 271(e)(1) 
(2000). The district court, however, granted Merck's 
motion for summary judgment of invalidity of claim 2 
of the ' 621 patent. Integra LifeSciences I Ltd. v. Merck 
KGaA, 1999 U.S. Dist. LEXIS 10380, 50 USPQ2d 



1846, 1850, 1999 WL 398180 (S.D. Cal. 1999). The 
jury awarded a reasonable royalty of $15,000,000. 
Because the district court correctly construed the claims 
and determined that Merck's infringing activity did [*3] 
not fall within the safe harbor of § 271(e), this court af- 
firms those aspects of the district court's order. Because 
substantial evidence does not support the jury's reason- 
able royalty award, however, this court remands for fur- 
ther consideration of damages. 

nl As of December 1996, Integra acquired all 
of Telios' property rights in the asserted patents. 

I. 

Integra owns the '621, '525, '997, '237, and '734 
patents, all of which are related to a short tri-peptide 
segment of fibronectin having the sequence Arg-Gly- 
Asp (in single-letter notation, referred to as the "RGD 
peptide"). The RGD peptide sequence promotes cell ad- 
hesion to substrates in culture and in vivo. The RGD 
sequence promotes this beneficial cell adhesion by in- 
teracting with avB3 receptors on cell surface proteins 
called integrins. In sum, the RGD sequence attaches to 
the avB3 receptors on the surface of cells. This bond 
adheres the cells to the substrate containing RGD. In 
theory, inducing better cell adhesion and growth should 
promote wound [*4] healing and biocompatibility of 
prosthetic devices. In addition, blood vessels grow new 
branches due to controlled interactions with integrins. 

Dr. David Cheresh, a scientist at Scripps, discov- 
ered that blocking avB3 receptors inhibits angiogenesis, 
the process for generating new blood vessels. Inhibiting 
angiogenesis showed promise as a means to halt tu- 
mor growth by starving rapidly dividing tumor cells. 
Similarly, anti-angiogenic therapies might also treat di- 
abetic retinopathy, rheumatoid arthritis, psoriasis, and 
inflammatory bowel disease. 

Merck recognized the importance of Dr. Cheresh 's 
discovery, and hired Scripps and Dr. Cheresh to identify 
potential drug candidates that might inhibit angiogene- 
sis. Dr. Cheresh 's research showed that cyclic peptide 
EMD 66203 displayed good inhibition of avB3 recep- 
tors. Merck then entered into an agreement with Scripps 
to fund the "necessary experiments to satisfy the bio- 
logical bases and regulatory (FDA) requirements for the 
implementation of clinical trials" with EMD 66203 or 
a derivative thereof. The agreement contemplated com- 
mencing clinical trials with a drug candidate within three 
years. 

Scripps' research led to the discovery of EMD [*5] 
85189, and then EMD 121 974 -both derivatives of EMD 
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66203. Scripps scientists conducted several in vivo and 
in vitro experiments "to evaluate the specificity, efficacy, 
and toxicity of EMD 66203, 85189 and 121974 for var- 
ious diseases, to explain the mechanism by which these 
drug candidates work, and to determine which candi- 
dates were effective and safe enough to warrant testing 
in humans. " In particular, these tests assessed the action 
of the cyclic RGD peptides, including the histopathol- 
ogy, toxicology, circulation, diffusion, and half-life of 
the peptides in the bloodstream. These tests also ex- 
amined the proper mode of administering the peptides 
for optimum therapeutic effect. In 1997, the Scripps re- 
search team chose EMD 121974 as the best candidate 
for clinical development. 

Integra learned of the Scripps-Merck agreement. 
Believing the angiogenesis research was a commercial 
project that infringed its RGD-related patents, Integra 
offered Merck licenses to the patents-in-suit. After 
lengthy negotiations, Merck declined. Integra then sued 
Merck, Scripps, and Dr. Cheresh. Merck answered that 
its work with Scripps falls under the safe harbor afforded 
by 35 U.S.C. § 271(e)(1). [*6] Merck also contended 
Integra's patents were invalid. Before trial, Integra lim- 
ited its request for monetary damages to Merck's al- 
leged infringement, and sought only a declaratory judg- 
ment against Scripps and Cheresh. After the close of 
all evidence, the district court granted Scripps' and Dr. 
Cheresh's motion to dismiss Integra's claim for declara- 
tory judgment. 

At trial, the jury found Merck liable for infringing 
the '525, '997, '237, and '734 patents. The district court 
determined that the exemption of § 271(e)(1) did not em- 
brace the infringing activity between 1994 and 1998. n2 
The district court, however, granted Merck's summary 
judgment motion on claim 2 of the '621 patent. The dis- 
trict court invalidated this claim based on anticipation by 
a 1984 Nature article. The parties filed various post-trial 
motions. In particular, Merck filed motions for JMOL 
before and after jury deliberations, asserting, inter alia, 
that the accused experiments were exempt from infringe- 
ment under 35 U.S.C. § 271(e)(1); that Integra did not 
prove infringement of any patents; and that substantial 
evidence did not support the damages award. The district 
court denied [*7] Merck's motions. 

n2 In her dissent, Judge Newman takes this 
opportunity to restate her dissatisfaction with this 
court's decision in Madey v. Duke. Madey v. Duke 
Univ., 307 F.3d 1351 , 64 USPQ2d 1737 (Fed. Cir. 
2002). However, the common law experimental 
use exception is not before the court in the instant 
case. The issue before the jury was whether the in- 
fringing pre-clinical experiments are immunized 



from liability via the "FDA exemption," i.e., 35 
U.S.C. § 271(e)(1). The district court did not in- 
struct the jury on the common law research exemp- 
tion with respect to the Merck's infringing activ- 
ities. On appeal, Merck does not contend that the 
common law research exemption should apply to 
any of the infringing activities evaluated by the 
jury. Neither party has briefed this issue to this 
court. Moreover, during oral arguments, coun- 
sel for Merck expressly stated that the common 
law research exemption is not relevant to its ap- 
peal. Judge Newman's dissent, however, does not 
mention that the Patent Act does not include the 
word "experimental," let alone an experimental 
use exemption from infringement. See 35 U.S.C. 
§ 271 (2000). Nor does Judge Newman's dissent 
note that the judge-made doctrine is rooted in 
the notions of de minimis infringement better ad- 
dressed by limited damages. Embrex v. Service 
Eng'g Corp., 216 F.3d 1343, 55 USPQ2d 1161 
(Fed. Cir. 2000) (Rader, J., concurring); see also 
Deuterium Corp. v. United States, 19 CLCt. 624, 
631, 14 USPQ2d 1636, 1642 (CI. Ct. 1990) 
("This court questions whether any infringing use 
can be de minimis. Damages for an extremely 
small infringing use may be de minimis, but in- 
fringement is not a question of degree."). 

[*8] 

Merck timely appeals, asserting error in the district 
court's interpretation of § 271(e)(1), in claim construc- 
tion, and in the refusal to reconsider the amount of 
the damages award. Integra cross-appeals the denial of 
its motion for declaratory judgment of infringement by 
Scripps and Dr. Cheresh, the invalidity finding on the 
'621 patent, and the court's refusal to enhance the dam- 
ages award. This court has exclusive jurisdiction. 28 
U.S.C. § 1295(a)(1) (2000). 

II. 

[HN1] This court reviews statutory interpretation 
without deference. Vectra Fitness, Inc. v. TNWKCorp., 
162 F.3d 1379, 1381, 49 USPQ2d 1144, 1146 (Fed. Cir. 
1998). Similarly, this court reviews claim construction 
without deference. Cybor Corp. v. FAS Techs., Inc., 
138 F.3d 1448, 1456, 46 USPQ2d 1169, 1172 (Fed. 
Cir. 1998) (en banc). [HN2] Determining a reasonable 
royalty is an issue of fact, which this court reverses only 
in the absence of substantial evidence. Unisplay, S.A. v. 
Am. Elec. Sign Co., 69 F.3d 512, 517, 36 USPQ2d 
1540, 1544 (Fed. Cir. 1995); Richardson v. Suzuki 
Motor Co., 868 F.2d 1226, 1240-41, 9 USPQ2d 1913, 
1924 (Fed. Cir. 1989). [*9] Finally, [HN3] this court 



LexisNexis™ |P LexisNexis™ fp LexisNexis™ 



331 F.3d 860; 2003 U.S. App. LEXIS 11335, *9; 
66 U.S.P.Q.2D (BNA) 1865 



Page 4 



reviews the denial of JMOL following a jury verdict 
without deference. SIBIA Neurosciences, Inc. v. Cadus 
Pharm. Corp., 225 F.3d 1349, 1354, 55 USPQ2d, 1927, 
1930 (Fed. Cir. 2000). 

A. 

35 U.S.C. § 271(e)(1) defines a safe harbor against 
patent infringement: 

[HN4] It shall not be an act of in- 
fringement to make, use, offer to sell, or 
sell within the United States or import into 
the United States a patented invention (other 
than a new animal drug or veterinary bio- 
logical product (as those terms are used in 
the Federal Food, Drug, and Cosmetic Act 
and the Act of March 4, 1913) which is 
primarily manufactured using recombinant 
DNA, recombinant RNA, hybridoma tech- 
nology, or other processes involving site 
specific genetic manipulation techniques) 
solely for uses reasonably related to the de- 
velopment and submission of information 
under a Federal law which regulates the 
manufacture, use, or sale of drugs or vet- 
erinary biological products. 

This provision entered title 35 in 1984 as part of the 
Drug Price Competition and Patent Term Restoration 
Act of 1984, Pub. L. No. 98-417, 98 Stat. 1585 (1984) 
(the 1984 Act). The 1984 Act [*10] had two purposes. 
In the first place, the 1984 Act sought to restore patent 
term to pharmaceutical inventions to compensate for the 
often-lengthy period of pre-market testing pending reg- 
ulatory approval to sell a new drug. These regulatory de- 
lays can deprive a patentee of many years of its patent's 
term. The second reason for the 1984 Act responded 
to this court's decision in Roche Products, Inc. v. Bolar 
Pharmaceutical Co., 733 F.2d 858, 221 USPQ 937 (Fed. 
Cir. 1984). Specifically, the Act sought to ensure that a 
patentee's rights did not de facto extend past the expi- 
ration of the patent term because a generic competitor 
also could not enter the market without regulatory ap- 
proval. See Eli Lilly & Co. v. Medtronic, Inc., 496 
U.S. 661, 669-70, 110 L. Ed. 2d 605, 110 S. Ct. 2683 
(1990). Thus, the 1984 Act permitted those competitors 
to conduct experiments in advance of the patent expira- 
tion as long as those activities were reasonably related 
to securing regulatory approval. As previously noted by 
this court, [HN5] "section 271(e) permits premarket ap- 
proval activity conducted for the sole purposes of sales 
after patent expiration." Hoechst-Roussel Pharms. , Inc. 
v. Lehman, 109 F.3d 756, 763, 42 USPQ2d 1220, 1226 
(Fed. Cir. 1997). [*11] 
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The House Committee that initiated this provision 
expressly described the pre-market approval activity as 
"a limited amount of testing so that generic manufac- 
turers can establish the bioequivalency of a generic sub- 
stitute." H.R. Rep. No. 857, at 8, reprinted in 1984 
U.S.C.C.A.N. at 2692. The Committee further char- 
acterized the limits of this provision, noting that the 
"nature of the interference with the rights of the patent 
holder" would not be "substantial," but "de minimus 
[sic]. " Id. at 2692, 2714 (stating that "all that the generic 
can do is test the drug for purposes of submitting data 
to the FDA for approval. Thus, the nature of the in- 
terference is de minimus [sic]."). Thus, the 1984 Act 
was "designed to benefit the makers of generic drugs, 
research-based pharmaceutical companies, and not inci- 
dentally the public." Glaxo, Inc. v. Novopharm, Ltd., 
110 F.3d 1562, 1568, 42 USPQ2d 1257, 1262 (Fed. 
Cir. 1997). 

This court has had occasion to consider the limits 
of the words "solely for purposes reasonably related to 
the development and submission of information under 
a Federal law." Applying this language, this court has 
permitted clinical trials and [*12] demonstrations of 
medical devices under § 271(e)(1). See Intermedics Inc. 
v. Ventritex Co., 775 F. Supp. 1269 (N.D. Cal. 1991), 
aff'd, 991 F.2d 808, 26 USPQ2d 1524 (Fed. Cir. 1993) 
(citing Telectronics Pacing Sys., Inc. v. Ventritex, Inc., 
982 F.2d 1520 (Fed. Cir. 1992)). 

This court has not considered the question arising in 
this case, namely, whether the pre-clinical research con- 
ducted under the Scripps-Merck agreement is exempt 
from liability for infringement of Integra's patents un- 
der § 271(e)(1). The Scripps-Merck experiments did not 
supply information for submission to the United States 
Food and Drug Administration (FDA), but instead iden- 
tified the best drug candidate to subject to future clinical 
testing under the FDA processes. Thus, this court must 
determine whether the § 271(e)(1) safe harbor reaches 
back down the chain of experimentation to embrace de- 
velopment and identification of new drugs that will, in 
turn, be subject to FDA approval. 

[HN6] According to 35 U.S.C. § 271(a), anyone 
who "without authority makes, uses, sells, or offers 
to sell any patented invention, within the United States 
during [*13] the term of the patent therefor, infringes 
the patent." 35 U.S.C. § 271(a) (2000). In this case, 
Merck used the Integra inventions, and thus infringed 
its patents. Merck may, nonetheless, escape liability for 
patent infringement if its uses of the Integra inventions 
fall within the strict limits of § 271(e)(1). To qualify 
for exemption n3, Merck must show its activities were 
"solely for uses reasonably related to the development 
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and submission of information" to the FDA. 35 U.S.C. 
§ 271(e)(1). 

n3 While the express language of § 271(e)(1) 
states that "it shall not be an act of infringement" 
to carry out research activities "solely for uses rea- 
sonably related " to FDA submissions, the statute 
has been coined an "exemption" in the case law, 
drawing from terminology used in the legislative 
history. See H.R Rep. No. 857, at 5, reprinted in 
1984 U.S.C.C. A.N. at 2689 ("In order to facilitate 
this type of testing, section 202 of the bill creates 
general [sic] exception to the rules of patent in- 
fringement."); see also Allergan, Inc. v. Alcon 
Laboratories, Inc., 324 F.3d 1322, 1325-26, 66 
USPQ2d 1225, 1227-28 (Fed. Cir. 2003) (dis- 
cussing § 271(e)(1) as an "exemption" to patent 
infringement). This decision employs the same 
terminology. 

[*14] 

At the outset, this statutory language strictly limits 
the exemption "solely" to uses with a reasonable rela- 
tionship to FDA procedures. The term "solely" places a 
constraint on the inquiry into the limits of the exemption. 
The exemption cannot extend at all beyond uses with the 
reasonable relationship specified in § 271(e)(1). 

The 1984 Act further specifies the subject of the 
reasonable relationship test. The exemption covers uses 
"reasonably related to the development and submission 
of information" to the FDA. Thus, to qualify at all for 
the exemption, an otherwise infringing activity must rea- 
sonably relate to the development and submission of in- 
formation for FDA's safety and effectiveness approval 
processes. The focus of the entire exemption is the pro- 
vision of information to the FDA. Activities that do not 
directly produce information for the FDA are already 
straining the relationship to the central purpose of the 
safe harbor. The term "reasonably" permits some activi- 
ties that are not themselves the experiments that produce 
FDA information to qualify as "solely for uses reason- 
ably related" to clinical tests for the FDA. Again, how- 
ever, the statutory language limits the reach [*15] of 
that relationship test. 

In this case, the Scripps work sponsored by Merck 
was not clinical testing to supply information to the 
FDA, but only general biomedical research to identify 
new pharmaceutical compounds. The FDA has no inter- 
est in the hunt for drugs that may or may not later un- 
dergo clinical testing for FDA approval. For instance, 
the FDA does not require information about drugs other 
than the compound featured in an Investigational New 



Drug application. Thus, the Scripps work sponsored by 
Merck was not "solely for uses reasonably related" to 
clinical testing for FDA. 

The reach of the reasonable relationship test as ap- 
plied in this case receives further confirmation from the 
context of the 1984 Act. The meaning of the phrase "rea- 
sonably related to the development and submission of 
information" as set forth in § 271(e)(1) is clearer in the 
context of the role of the 1984 Act in facilitating expe- 
dited approval of a generic version of a drug previously 
approved by the FDA. 

As discussed above, the express objective of the 1984 
Act was to facilitate the immediate entry of safe, effec- 
tive generic drugs into the marketplace upon expiration 
of a pioneer drug patent. The 1984 [*16] Act thus per- 
mits filing of an ANDA (abbreviated new drug applica- 
tion) to expedite FDA approval of a generic version of 
a drug already on the market. Bayer AG v. Elan Pharm. 
Research Corp., 212 F.3d 1241, 54 U.S.P.Q.2D (BNA) 
1710 (Fed. Cir. 2000). This expedited approval process 
requires the generic drug company to perform safety 
and effectiveness tests on its product before expiration 
of the patent on the pioneer drug if the generic is to be 
available immediately upon patent expiration. As noted, 
however, this court had ruled that those pre-expiration 
tests infringe the patent on the pioneer drug. Roche, 733 
F.2d at 858. Therefore, the 1984 Act enacted § 271(e)(1) 
to create a safe harbor for those pre-expiration tests nec- 
essary to satisfy FDA requirements. As also noted, the 
legislative record shows as well that the 1984 Act nar- 
rowly tailored the § 271(e)(1) exemption to have only 
a de minimis impact on the patentee's right to exclude. 
Therefore, [HN7] the § 271(e)(1) safe harbor covers 
those pre-expiration activities "reasonably related" to 
acquiring FDA approval of a drug already on the mar- 
ket. Within this framework and language of the 1984 
Act, [*17] the district court correctly confined the § 
271(e)(1) exemption to activity that "would contribute 
(relatively directly)" to information the FDA considers 
in approving a drug. Intermedics, 775 F. Supp. at 1280. 

The exemption viewed in this context does not en- 
dorse an interpretation of § 271(e)(1) that would en- 
compass drug development activities far beyond those 
necessary to acquire information for FDA approval of a 
patented pioneer drug already on the market. It does not, 
for instance, expand the phrase "reasonably related" to 
embrace the development of new drugs because those 
new products will also need FDA approval. Thus, § 
271(e)(1) simply does not globally embrace all experi- 
mental activity that at some point, however attenuated, 
may lead to an FDA approval process. The safe harbor 
does not reach any exploratory research that may ratio- 
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nally form a predicate for future FDA clinical tests. 

As noted, the text of § 271(e)(1) limits the exemp- 
tion "solely" to activities "reasonably related to the de- 
velopment and submission of information" to the FDA. 
Moreover, the context of this safe harbor keys its use to 
facilitating expedited approval of patented pioneer drugs 
[*18] already on the market. Extending § 271(e)(1) to 
embrace new drug development activities would ignore 
its language and context with respect to the 1984 Act in 
an attempt to exonerate infringing uses only potentially 
related to information for FDA approval. Moreover, 
such an extension would not confine the scope of § 
271(e)(1) to de minimis encroachment on the rights of 
the patentee. For example, expansion of § 271(e)(1) to 
include the Scripps-Merck activities would effectively 
vitiate the exclusive rights of patentees owning biotech- 
nology tool patents. After all, patented tools often fa- 
cilitate general research to identify candidate drugs, as 
well as downstream safety-related experiments on those 
new drugs. Because the downstream clinical testing for 
FDA approval falls within the safe harbor, these patented 
tools would only supply some commercial benefit to the 
inventor when applied to general research. Thus, exag- 
gerating § 271(e)(1) out of context would swallow the 
whole benefit of the Patent Act for some categories of 
biotechnological inventions. Needless to say, the 1984 
Act was meant to reverse the effects of Roche under lim- 
ited circumstances, not to deprive entire categories [*19] 
of inventions of patent protection. 

Because the language and context of the safe harbor 
do not embrace the Scripps-Merck general biomedical 
experimentation, this court discerns no error in the dis- 
trict court's interpretation of 35 U.S.C. § 271(e)(1). This 
court affirms that aspect of the district court's decision. 

B. 

Merck contends that the district court erred in con- 
struing the asserted claims of the '525, '997, and '237 
patents to embrace both linear and cyclic RGD peptides. 
Representative claim 8 of the '525 patent reads: 

A substantially pure peptide including as 
the cell-attachment-promoting constituent 
the amino acid sequence Arg-Gly-Asp-R 
wherein R is Ser, Cys, Thr or other amino 
acid, said peptide having cell-attachment- 
promoting activity, and said peptide not be- 
ing a naturally occurring peptide. 

The '237 patent claims methods of controlling Arg-Gly- 
Asp mediated attachments of animal cells to substrates. 
The '997 patent claims recite methods of altering cell 
attachment activity by bringing cells into contact with 



peptide RGDX. 

In construing claim 8 of the '525 patent, the district 
court concluded that the claim "imposes no limitations 
[*20] on the three-dimensional structure of the peptides 
at issue." The district court found the claim's terms, in 
light of the specification, fully support Integra's con- 
tention that claim 8 embraces RGD peptides of any linear 
or cyclic structure. 

Because the patents do not expressly refer to cyclic 
configurations, Merck would limit the term "peptide" - 
to linear peptides. As the district court noted, however, 
the term "peptide" is understood in the art to represent 
"two or more amino acids covalently joined by peptide 
bonds." By this definition, the general term "peptide" 
encompasses peptides of differing structural forms. The 
'525 patent specification refers to RGD peptides as hav- 
ing carboxyl and amino termini without expressly dis- 
cussing cyclic RGD peptide structures. However, the 
specification as a whole embraces the claimed RGD pep- 
tides in both cyclic and linear conformations. The prepa- 
ration of cyclic peptides was well known to those of 
skill in the art in 1984. As the district court correctly 
noted, the asserted patents need not teach that which 
is already known. The '525 specification references a 
journal article authored by Merrifield, which discloses 
the general knowledge of skilled [*21] artisans in mak- 
ing cyclic peptides at the filing date of the '525 patent. 
'525 patent, col. 3, 11. 60-64. The record also includes a 
declaration from Dr. Dedhar that the Merrifield method 
makes cyclic peptides. Dr. Dedhar stated that a skilled 
artisan "would have known from reading the patent spec- 
ification in 1985 that this recognition site exists on all 
peptides that contain the Arg-Gly-Asp sequence, includ- 
ing cyclic peptides or peptides containing D-form amino 
acids." 

Merck also contends that the patent applicant, while 
arguing the patentability of claims to cyclic peptides in 
a later-filed, unrelated application, admitted that the 
'525 and '997 patents do not teach cyclic peptides. 
Specifically, the applicant distinguished the claims of 
unrelated U.S. Patent No. 5,880,092 to Ruoslahti et al. 
(the '092 patent) over U.S. Patent No. 4,614,517 (the 
'517 patent), a divisional of the parent of the '525 and 
'997 patents. In essence, Merck would limit the reach of 
the '517 patent due to statements the applicant made in 
another patent application, not in the application leading 
to the '517. 

The Patent and Trademark Office cited the '517 
patent as prior art against the Ruoslahti '092 patent. 
[*22] During prosecution of the '092 patent, the appli- 
cant stated: 
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The Examiner argues that the generic pep- 
tide taught by Ruoslahti et al. anticipates the 
claimed peptide. . . . The reference does not 
disclose a subgenus or species from which a 
subgenus of peptides can be fashioned. As a 
result, one skilled in the art would not im- 
mediately envisage the claimed peptide be- 
cause of the very large number of peptides 
encompassed by the generic teaching of this 
reference. . . . The reference does not sug- 
gest cyclizing a peptide to conformationally 
stabilize it. As a result, one skilled in the art 
would not immediately envisage the claimed 
peptide because the reference does not teach 
a cyclic Arg-Gly-Asp peptide. 

According to Merck, this statement limits the term "pep- 
tide" in the '517 patent to non-cyclic structures. In the 
first place, of course, the '092 patent prosecution does 
not directly limit the '517 patent. See Abbott Labs. v. 
Dey, L.P., 287 F.3d 1097, 1104-05, 62 USPQ2d 1545, 
1550 (Fed. Cir. 2002) (stating that as between two patent 
applications sharing an inventor and the same assignee, 
but having no formal relationship, "the relationship, if 
any, between [*23] the '839 and '301 patents is insuf- 
ficient to render the particular arguments made during 
prosecution of the '301 patent equally applicable to the 
claims of the '839 patent"). Those comments arise in 
a context different from the patentability of the '517 
patent. Moreover, the above statement loosely describes 
the patentee's understanding of the '517/'525/'997 spec- 
ification, but does not definitively limit the scope of the 
Integra inventions. These comments in the '092 prosecu- 
tion evince the patent applicant's understanding that the 
'525 specification generically teaches "a very large num- 
ber of peptides. " The applicant notes that one of skill in 
the art would not "immediately envisage" conflict with 
the '092 invention. This characterization does not com- 
promise the scope of the Integra inventions. The '525 
patent is a genus patent. Such genus patents do not estop 
the applicant from later filing an improvement patent, 
such as the '517, to claim species with particularly use- 
ful properties. See In re Borah, 53 C.C.P.A. 800, 354 
F.2d 1009, 148 USPQ 213 (CCPA 1966). Accordingly, 
Merck's reliance on this ambiguous and unrelated pros- 
ecution history is misplaced, as it does not [*24] limit 
the asserted claims to linear peptides. 

Thus, the specification of Integra's invention does 
not limit the term "peptide" to only a linear structure. 
As the record indicates, the patentee discloses to those 
skilled in the art both linear and cyclic peptides. The dis- 
trict court correctly construed the term to have its full 
ordinary meaning in the art. 



C. 

Following its determination of infringement, the jury 
awarded Integra a reasonable royalty of $15,000,000. 
Merck contends this award is not supported by sub- 
stantial evidence. For the reasons articulated below, this 
court agrees. 

[HN8] After finding patent infringement, a jury may 
award a patentee "damages adequate to compensate for 
the infringement, but in no event less than a reason- 
able royalty for the use made of the invention by the 
infringer." 35 U.S.C. § 284 (2000). Thus, an injured 
patentee enjoys at least a reasonable royalty even when 
unable to show lost profits or an established royalty rate. 
[HN9] A reasonable royalty calculation envisions and as- 
certains the results of a hypothetical negotiation between 
the patentee and the infringer at a time before the infring- 
ing activity began. Riles v. Shell Exploration & Prod. 
Co., 298 F.3d 1302, 1311, 63 USPQ2d 1819 (Fed. Cir. 
2002) [*25] (citing Hanson v. Alpine Valley Ski Area, 
Inc., 718 F.2d 1075, 1078, 219 USPQ 679, 682 (Fed. 
Cir. 1983)). Thus, the reasonable royalty calculus as- 
sesses the relevant market as it would have developed 
before and absent the infringing activity. Although an 
exercise in approximation, this analysis must be based 
on "sound economic and factual predicates." Riles, 298 
F.3d at 1311 (citing Crystal Semiconductor Corp. v. 
TriTech Microelectronics Int'l, Inc., 246 F.3d 1336 
(Fed. Cir. 2001); Shockley v. Arcan, Inc., 248 F.3d 
1349, 58 USPQ2d 1692 (Fed. Cir. 2001)). Royalties, 
like lost profits, are compensatory damages, not puni- 
tive. See Riles, 298 F.3d at 1312. 

[HN10] The first step in a reasonable royalty cal- 
culation is to ascertain the date on which the hypothet- 
ical negotiation in advance of infringement would have 
occurred. The correct determination of this date is es- 
sential for properly assessing damages. The value of a 
hypothetical license negotiated in 1994 could be dras- 
tically different from one undertaken in 1995 due to 
the more nascent state of the RGD peptide research in 
1994. Indeed, factoring in the rapid [*26] development 
of biotechnological arts, a year can make a great differ- 
ence in economic risks and rewards. In any event, the 
record is not clear on the hypothetical negotiation date. 

Integra charged Merck with infringing the '525 
patent by conducting various experiments between 1994 
and 1998. The district court ruled that some of the 1994 
experiments are not infringing acts. This finding, how- 
ever, does not properly establish the critical hypothetical 
negotiation date. The record shows that at least one of the 
1994 Merck experiments was not considered exempted 
from infringement due to experimental use. Integra al- 
leged infringement via an August 1994 pharmacokinetic 



LexisNexis™ fp LexisNexis™ |P LexisNexis 



331 R3d 860; 2003 U.S. App. LEXIS 11335, *26; 
66 U.S.P.Q.2D (BNA) 1865 



Page 8 



experiment. Merck represents to this court in its brief 
that the jury returned a verdict finding that "Scripps and 
Cheresh infringed all of the patents by conducting vari- 
ous experiments between 1994-98 (the 'accused exper- 
iments' or the '1994-98 experiments'). " Yet, it is not 
evident whether the 1994 pharmacokinetic experiment 
was considered by the jury for infringement purposes. 
Thus, the record does not clearly indicate whether 1994 
or 1995 is the proper date for the first infringement. 
If indeed the record shows that the [*27] first infringe- 
ment occurred in 1994, then the hypothetical negotiation 
should be regarded as having occurred at least before that 
earlier date. On remand, the trial court will have the op- 
portunity to clarify the proper timing of the reasonable 
royalty calculus. 

Integra argues further that Mr. Anderson's testimony 
supports the $15,000,000 award. Mr. Anderson prof- 
fered a hypothetical license figure based, in part, on 
Merck's 1995 expectations of obtaining FDA approval 
of a cyclic peptide therapeutic. As already noted, how- 
ever, if the hypothetical negotiation occurred in 1994, 
Merck did not have that expectation. Thus, an earlier 
date will change the risks and expectations of the par- 
ties. 

Integra argues that the $15,000,000 award is not ex- 
cessive because Merck and ImClone executed a license 
for a pre-clinical stage antibody in 1990. The ImClone 
license included an up-front fee of $3,500,000, plus an 
additional $14,000,000 over the following three years. 
The record is not clear, however, that the level of risk 
associated with the licensed ImClone technology was 
equally applicable to the RGD technology. While the 
ImClone agreement may show that Merck pays up-front 
fees for research [*28] technology before clinical test- 
ing, the nature of the ImClone technology at the time 
of the Merck agreement may have no bearing on the 
value of a hypothetical RGD license. At the point before 
Merck ever attempted its first test on RGD technology, it 
would have assumed all the risks of failure - either scien- 
tific failure to identify a suitable therapeutic candidate or 
economic failure to market a successful product. If those 
risks as perceived before any experimentation differed 
from the risks quantified in the ImClone agreement, then 
the ImClone example does little to set the value of the 
pre-clinical RGD research project at a comparable fig- 
ure. The parties' inability to project success at the pre- 
clinical research stage of the RGD project weighs heavily 
in determining a reasonable royalty, particularly if the 
time for the valuation of the project moves back to 1994. 
The record does not show that the ImClone licenses oc- 
curred under scientific or economic circumstances that 
permit comparison to this hypothetical RGD license. 



Although comparisons to other licenses are inher- 
ently suspect because economic and scientific risks vary 
greatly, the record does seem to contain a more appropri- 
ate [*29] analogue than the ImClone license. In 1995, 
Telios and Genentech reached agreement to jointly de- 
velop and market a product with RGD peptides. This 
license is somewhat contemporary and involves simi- 
lar technology. Under the Genentech agreement, Telios 
agreed to provide Genentech with exclusive patent li- 
censes and years of research services. Under the hypo- 
thetical negotiation in this case, Integra would perform 
no pre-clinical research for Merck. Thus, even this ana- 
logue would need revision and inquiry. 

The $15,000,000 royalty also does not appear to take 
into account numerous factors that would considerably 
reduce the value of a hypothetical license. For example, 
Integra purchased Telios (together with all of its prod- 
ucts, patents and know-how) for $20,000,000 in 1996. 
A $15,000,000 award figure to compensate for infringe- 
ment of only some of Telios' patents before Integra's 
acquisition seems unbalanced in view of the overall ac- 
quisition price. 

Finally, on remand, the trial court will have the op- 
portunity to consider other factors when sketching an 
overall picture of a hypothetical negotiation for a li- 
cense to RGD technology. The value to a licensee of 
research tools lies, in part, [*30] in the point at which 
those tools are employed in the drug development con- 
tinuum. A research tool enabling the identification of a 
drug candidate during high throughput screening, for in- 
stance, may supply more value to the ultimate invention 
than a research tool used to confirm an already recog- 
nized drug candidate's safety or efficacy. This type of 
challenge in assessing royalties confronted the district 
court in SIBIA, although this court never reached the 
issue of damages on appeal. See SIBIA, 225 F.3d at 
1349, 1352-53; see also Donald Ware, Research Tool 
Patents: Judicial Remedies, 30 AIPLA Q.J., 267, 282- 
87 (2002). Similarly, the amount Merck would agree to 
pay for Integra's RGD technology could be influenced 
by the point of placement of this technology in its drug 
development process. 

In addition, the number of patent licenses needed to 
develop a drug may also affect the value placed on any 
single technology used in the development process. The 
cumulative effect of such stacking royalties can be sub- 
stantial, particularly when reach- through royalties come 
into play. See Ware, supra, at 295-96. While this court 
does not opine on [*31] the applicability of a reach- 
through royalty in this case, the presence or absence 
of stacking royalties for research tools may color the 
character of a hypothetical negotiation between Merck 
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and Integra for access to the RGD peptide technology. 
n4 Thus, both the time point at which Merck utilized 
RGD peptides in its drug development process and the 
effect, if any, of stacking royalties may also play a role 
in crafting the hypothetical license between Integra and 
Merck. 

n4 According to the National Institutes of 
Health (NIH), research tools are defined to 
be "tools that scientists use in the labora- 
tory, including cell lines, monoclonal antibodies, 
reagents, animal models, growth factors, combi- 
natorial chemistry and DNA libraries, clones and 
cloning tools (such as PCR), methods, laboratory 
equipment and machines." Sharing Biomedical 
Research Resources: Principles and Guidelines 
for Recipients of NIH Research Grants and 
Contracts, 64 Fed. Reg. 72,090, 72092 n.l 
(Dec. 23, 1999). The dissent asserts that Integra's 
patented RGD peptides are not research tools, "but 
simply new compositions having certain uses." 
Dissent at Section D. The dissent does not ex- 
plain why one of those "certain uses" cannot em- 
brace use of an RGD peptide as a laboratory tool 
to facilitate the identification of a new therapeu- 
tic. Regardless of whether one considers the RGD 
peptides to assume the label of a "research tool," 
the points discussed in relation to determining the 
value of the peptides during a hypothetical nego- 
tiation are valid. 

[*32] 

This court gives great deference to the district court's 
role in assessing the credibility of witnesses and weigh- 
ing the facts of a given case. Nonetheless, the record 
evidence does not adequately support the jury's dam- 
age award of $15,000,000 in this case. Therefore, the 
district court's denial of JMOL as to the damage award 
is reversed. This case is remanded for further factual 
development and the calculation of damages consistent 
with the principles discussed herein. 

D. 

All other arguments made by the parties have been 
carefully considered, but are not found persuasive by 
this court. Thus, this court affirms the district court's 
denial of 

Integra's request for declaratory judgment, its holding 
that the '621 patent is invalid, and its refusal to grant 
enhanced damages. 

CONCLUSIONS 



Because the district court properly determined 
Merck's infringing activities were not "solely for uses 
reasonably related" to provision of information to the 
FDA under 35 U.S.C. § 271(e)(1), this court affirms 
that aspect of the district court's decision. In addition, 
the district court correctly construed the term "peptide" 
to have its full ordinary meaning in the art. [*33] 
However, the district court erred in denying Merck's 
motion for reconsideration of an appropriate reasonable 
royalty. Therefore, the court remands for further con- 
sideration of the damages issue. 

COSTS 

Each party shall bear its own costs. 

AFFIRMED-IN-PART, REVERSED-IN-PART, 
and REMANDED 

CONCURS Y: NEWMAN (In Part) 

DISSENTBY: NEWMAN (In Part) 

DISSENT: NEWMAN, Circuit Judge, concurring in 
part, dissenting in part. 

This case raises a question of the nature and applica- 
tion of the common law research exemption, an exemp- 
tion from infringement that arose in judge-made law al- 
most two centuries ago, and that recently has come into 
sharper focus. Its correct treatment can affect research 
institutions, research-dependent industry, and scientific 
progress. 

The question is whether, and to what extent, the 
patentee's permission is required in order to study that 
which is patented. For the Scripps/Merck research, the 
panel majority holds that all of the activity at Scripps 
during 1995-1998 was "discovery-based research" and 
that there is no right to conduct such research, under ei- 
ther the common law research exemption or the statutory 
immunity established in 35 U.S.C. § 271(e)(1). [*34] 
However, neither law nor policy requires that conclu- 
sion, and both law and policy have long required a dif- 
ferent conclusion in implementation of the purpose of 
the patent system. 

The purpose of a patent system is not only to provide 
a financial incentive to create new knowledge and bring 
it to public benefit through new products; it also serves 
to add to the body of published scientific/technologic 
knowledge. The requirement of disclosure of the details 
of patented inventions facilitates further knowledge and 
understanding of what was done by the patentee, and 
may lead to further technologic advance. The right to 
conduct research to achieve such knowledge need not, 
and should not, await expiration of the patent. That is 
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not the law, and it would be a practice impossible to 
administer. Yet today the court disapproves and essen- 
tially eliminates the common law research exemption. 
This change of law is ill-suited to today's research- 
founded, technology-based economy. I must, respect- 
fully, dissent. 

A. The Scripps/Merck Activities 

The research on which Scripps and Merck collab- 
orated was directed to studies of certain peptide com- 
ponents of fibronectin, containing a chain of the [*35] 
three amino acids arginine (R), glycine (G), and aspar- 
tic acid (D). The scientists who founded Integra's pre- 
decessor, co-plaintiff Telios, discovered that peptides 
containing this RGD sequence had potential use in pro- 
moting wound healing and prosthesis adhesion, and ob- 
tained patents on various RGD peptide compositions and 
methods; however, the Telios scientists were unable to 
develop a viable commercial product, and eventually 
sold the patents to Integra. 

Merck KgaA of Germany began funding research 
at Scripps in 1988, after Dr. Cheresh of Scripps had 
identified a monoclonal antibody, designated LM609, 
having activity as an inhibitor of integrin n5 activity. 
The collaboration was enlarged in 1995 with increased 
funding by Merck, after Dr. Cheresh discovered that a 
Merck-provided peptide designated EMD66203, hav- 
ing the sequence c(RGDfV), n6 inhibits new blood ves- 
sel growth by interaction with a specific integrin. In this 
collaboration, cyclic RGD peptides of various structures 
and composition n7 were synthesized and studied, as 
knowledge was gained concerning their chemical and 
biological properties and the effects of changes in their 
structure. It was discovered that the cyclic peptide [*36] 
structure solved certain problems that had been experi- 
enced with the Telios linear RGD peptides, and that some 
products have anti-angiogenic properties, of interest for 
treatment of such diseases as cancer, macular degener- 
ation, rheumatoid arthritis, and others. "Angiogenic" 
refers to the process of generating new blood vessels, 
a process essential to tumor growth. As summarized by 
Merck, Dr. Cheresh testified that the purpose of the re- 
search was to "(1) assess the potential efficacy of the 
peptides as therapeutic agents; (2) discover the mech- 
anism of action of the peptides; and (3) shed light on 
histopathology, toxicology, circulation, diffusion, and 
half-life of the peptides in the bloodstream." Brief at 
15. The ultimate goal of the research was undisputed: it 
was to find a product that would be sufficiently effec- 
tive in the treatment of angiogenic disease that it could 
be developed and brought to market for this purpose. 

n5 "Integrin" refers to a family of cell surface 



receptors. 

n6 In this nomenclature L isomers of amino 
acids are represented by their single letter 
codes in capital letters (R= arginine, G= glycine, 
D=aspartic acid). The "f" represents the D iso- 
mer of phenylalanine. "NMeV," appearing infra, 
represents the N-methyl derivative of valine. The 
"c" means that the sequence is cyclic. 

[*37] 



n7 Also at issue in this litigation was whether 
the Integra patents cover the cyclic RGD pep- 
tides that were produced and investigated by 
Scripps/Merck. On this close question of infringe- 
ment I would affirm the district court, as does the 
panel majority, for there was extensive evidence at 
trial, including the (conflicting) advice of experts, 
supporting the district court's findings. 

The record describes modifications in the structure 
of RGD-containing peptides and investigations of their 
properties in the Scripps/Merck collaboration, includ- 
ing: receptor binding assays to investigate the efficacy 
and specificity of structural change; angiogenesis/chick 
CAM assays for inhibition of blood vessel formation 
in chick embryos when vessel growth is artificially in- 
duced, to study the mechanism of action, pharmacoki- 
netics, and other properties; angio-matrigel experiments 
to investigate inhibition of artificially induced vascular- 
ization in mice; cell adhesion assays by spectrophoto- 
metric measurement of inhibition of cell attachment to 
protein, to provide information about mechanisms, effi- 
cacy, and other [*38] properties; chemotaxis studies to 
determine the effect of various peptides on cell migration 
over extracellular matrix fibers; use of chick embryos to 
obtain pharmacokinetic data; fluorescent-activated cell 
sorting to study the effect on the receptor-ligand binding 
reaction, to aid in understanding mechanisms of activity; 
vascularization of the retina and induced arthritis of the 
joints, studied with mice and rabbits; chick CAM assays 
to study angiogenesis associated with tumor transplan- 
tation and growth in chick embryos; and tumor growth 
in SCID-mice or nude mice, including studies of mech- 
anism, pharmacology, and pharmacokinetics. 

As this research progressed, so did the scientific un- 
derstanding of these peptide products and their mode 
of action. In 1997 Scripps/Merck selected the peptide 
designated EMD 121974 and having the amino acid se- 
quence c(RGDf-NMeV) as the most promising product 
thus far, although they continued to synthesize and eval- 
uate further modifications of the peptides. In 1998 an 
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Investigatory New Drug application for EMD 121974 
was filed with the Food and Drug Administration. 

The panel majority describes all of this activity as 
"discovery-based research," and holds [*39] that it is 
subject to neither a common law research exemption nor 
the "safe harbor" of § 271(e)(1). I cannot agree. In my 
view, either the common law research exemption or the 
development associated with § 271(e)(1) immunity em- 
braces all of these activities. 

B. The Common Law Research Exemption 

The common law research exemption is a limited ex- 
ception to the patentee's unrestricted right to exclude. Its 
jurisprudential origin is with Justice Story, who stated in 
Whittemore v. Cutter, 1 Gall. 429, 29 Fed. Cas. 1120, 
1121, F. Cas. No. 17600 (CCD. Mass. 1813) (No. 
17,600), that 

it could never have been the intention of the 
legislature to punish a man who constructed 
such a machine merely for philosophical ex- 
periments,[ n8 ]or for the purpose of as- 
certaining the sufficiency of the machine to 
produce its described effects. 

Again in Sawin v. Guild, 1 Gall. 485, 21 Fed. Cas. 554, 
F. Cas. No. 12391 (CCD Mass. 1813) (No. 12,391) 
Justice Story distinguished 

the making with an intent to use for profit, 
and not for the mere purpose of philosoph- 
ical experiment, or to ascertain the verity 
and exactness of the specification. 

The few judicial decisions on this [*40] issue have 
applied the research exemption when no commercial 
purpose was demonstrated for the research. See, e.g., 
Chesterfield v. United States, 141 Ct. CI. 838, 159 F. 
Supp. 371 (Ct. CI. 1958) (experimentation by the United 
States did not infringe the patent); Ruth v. Steams-Roger 
Manufacturing Co., 13 F. Supp. 697 (D. Colo. 1935) 
(patent not infringed when the Colorado School of Mines 
cut up and studied the patented machines). 

n8 By "philosophical" experiments Justice 
Story was referring to "natural philosophy," the 
term then used for what we today call "science." 
For example, in the volume on Classification of 
Subjects of Inventions Adopted by the United 
States Patent Office, January 1, 1868 (GPO 1868), 
the section headed "Philosophical Instruments — 
Class XXV" lists "Philosophical Apparatus, 
Scales, Measures, and Instruments of Precision." 



The majority's prohibition of all research into 
patented subject matter is as impractical as it is incorrect. 
The information [*41] contained in patents is a major 
source of scientific as well as technologic knowledge. 
Indeed, in many areas of technology, technical infor- 
mation is not published outside of patent documents. A 
rule that this information cannot be investigated without 
permission of the patentee is belied by the routine ap- 
pearance of improvements on patented subject matter, as 
well as the rapid evolution of improvements on concepts 
that are patented. 

The subject matter of patents may be studied in or- 
der to understand it, or to improve upon it, or to find 
a new use for it, or to modify or "design around" it. 
Were such research subject to prohibition by the patentee 
the advancement of technology would stop, for the first 
patentee in the field could bar not only patent-protected 
competition, but all research that might lead to such com- 
petition, as well as barring improvement or challenge or 
avoidance of patented technology. Today's accelerated 
technological advance is based in large part on knowl- 
edge of the details of patented inventions and how they 
are made and used. Prohibition of research into such 
knowledge cannot be squared with the framework of the 
patent law. 

The patent statute requires full [*42] disclosure of 
the invention, including details of enabling experiments 
and technical drawings and best modes and preferred 
embodiments, even commercial sources of special com- 
ponents. Such details would be idle and purposeless if 
this information cannot be used for 17-20 years. Indeed, 
there would be little value in the requirement of the 
patent law that patented information must be removed 
from secrecy in consideration of the patent right to ex- 
clude, if the information is then placed on ice and pro- 
tected from further study and research investigation. To 
the contrary, the patent system both contemplates and 
facilitates research into patented subject matter, whether 
the purpose is scientific understanding or evaluation or 
comparison or improvement. Such activities are integral 
to the advance of technology. 

In the framework of United States patent law there 
is no obligation that the patentee use the invention; the 
obligation is to disclose it and describe it and to provide 
enabling detail whereby it can be duplicated without un- 
due experimentation. The patentee's permission is not 
required whenever a patented device or molecule is made 
or modified or investigated. Study of patented informa- 
tion [*43] is essential to the creation of new knowl- 
edge, thereby achieving further scientific and techno- 
logic progress. 
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Of course, the common law exemption is not unlim- 
ited. Indeed, it is a narrow exemption, for it must pre- 
serve the patentee's incentive to innovate, an incentive 
secured only by the right to exclude. It is the patentee 
who opened the door by providing the initial knowl- 
edge, without which there would be nothing to improve. 
Setting the boundaries of a common law exemption re- 
quires careful understanding of the mechanisms of the 
creation, development, and use of technical knowledge, 
and of today's complexity of interactions among inven- 
tion and the innovating fruits of invention. It is the ini- 
tial inventor whose rights must receive primary consid- 
eration in an effective patent law, for the public inter- 
est starts with the threshold invention. However, while 
that threshold invention may (as here) exact tribute from 
or enjoin commercial and pre-commercial activity, the 
patent does not bar all research that precedes such activ- 
ity. 

I do not here undertake to define the boundaries of 
the research exemption for all purposes and all activi- 
ties, other than to observe that there is a generally [*44] 
recognized distinction between "research" and "devel- 
opment," as a matter of scale, creativity, resource al- 
location, and often the level of scientific/engineering 
skill needed for the project; this distinction may serve 
as a useful divider, applicable in most situations. Like 
"fair use" in copyright law, n9 the great variety of possi- 
ble facts may occasionally raise dispute as to particular 
cases. However, also like fair use, in most cases it will be 
clear whether the exemption applies. Indeed, the ques- 
tion of boundary does not arise for the Scripps/Merck 
research here at issue, for the statutory immunity of § 
271(e)(1) takes effect wherever the research exemption 
ends, as I discuss in Part C, post. 

n9 The research exemption has been compared 
to "fair use," which was also a creation of Justice 
Story, in Folsom v. Marsh, 9 Fed. Cas. 342, F. 
Cas. No. 4901 (CCD. Mass. 1841) (No. 4901). 
The House Report drew this analogy in discussing 
35 U.S.C. 271(e)(1), stating: "Just as we have 
recognized the doctrine of fair use in copyright, 
it is appropriate to create a similar mechanism in 
the patent law. That is all this bill does." H.R. 
Rep. No. 98-857 at 30 (1984), reprinted in 1984 
USCCAN 2714. 

[*45] 

The Scripps/Merck activities that are here challenged 
took place during the collaboration outlined in Part A 
ante. Were all research using RGD peptides prohibited 
until the Integra/Telios patents expired, not even the 
patent owner would benefit, for the patented products 



had failed in Telios' hands, leaving the patents valueless 
until Scripps and Merck made their discoveries as to the 
cyclic peptides and their anti-angiogenic properties. The 
panel majority states that because the Scripps/Merck re- 
search had the goal of curing cancer and commercializing 
the cure, this purpose moved the research outside of any 
common law exemption. However, an ultimate goal or 
hope of profit from successful research should not elim- 
inate the exemption. The better rule is to recognize the 
exemption for research conducted in order to understand 
or improve upon or modify the patented subject matter, 
whatever the ultimate goal. That is how the patent sys- 
tem has always worked: the patent is infringed by and 
bars activity associated with development and commer- 
cialization of infringing subject matter, but the research 
itself is not prohibited, nor is comparison of the patented 
subject matter with improved technology [*46] or with 
designs whose purpose is to avoid the patent. 

C. Immunity Under § 271(e)(1); Damages 

§ 271(e)(1). It shall not be an act of infringe- 
ment to make, use, [sell or import]. . . solely 
for uses reasonably related to the develop- 
ment and submission of information under 
a Federal law which regulates the manufac- 
ture, use, or sale of drugs or veterinary bi- 
ological products. 

The panel majority holds that the 35 U.S.C § 271(e)(1) 
"safe harbor" does not apply to federal registration of 
pioneering new drugs like the Scripps/Merck products 
here at issue, but only to registration of generic copies 
of drugs for which the patent is about to expire. I agree 
as to the origin of § 271(e)(1). However, the statute has 
been interpreted as of broader scope, see Eli Lilly & Co. 
v. Medtronic Co., 496 U.S. 661, 110 L. Ed. 2d 605, 
110 S. Ct. 2683 (1990), and the parties accept that § 
271(e)(1) applies to Merck's filing of the Investigatory 
New Drug application for EMD 121974. This issue was 
not raised at trial. 

The majority also holds that none of the research by 
Scripps/Merck qualifies for § 271(e)(1) immunity be- 
cause the research was directed [*47] to "discovery," 
not to federal registration. I agree that "the § 271(e)(1) 
safe harbor [does not] reach back down the chain of 
experimentation to embrace development and identifica- 
tion of new drugs." Maj. op. at 8. However, the ter- 
ritory that the Scripps/Merck research traversed, from 
laboratory experimentation to development of data for 
submission to the FDA, was either exempt exploratory 
research, or was immunized by § 271(e)(1). It would be 
strange to create an intervening kind of limbo, between 
exploratory research subject to exemption, and the FDA 
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statutory immunity, where the patent is infringed and 
the activity can be prohibited. That would defeat the 
purposes of both exemptions; the law does not favor 
such an illogical outcome. 

After a product loses the § 271(e)(1) protection, it 
is subject to the full force of any adversely held patents. 
That aspect is not here in dispute, but it is relevant to the 
damages verdict, not appropriately treated in the major- 
ity opinion. 

If the question of damages is remanded, as the panel 
majority holds, my colleagues go too far in counseling 
the parties as to how to present their case. The "hy- 
pothetical negotiation" is no more than a convenience 
[*48] in estimating value, not a compulsory economic 
standard, and surely not one that requires appellate spec- 
ulation as to when the parties might have hypothetically 
negotiated, requiring retrial. The presentation of evi- 
dence on damages was extensive, and included evidence 
that well supported a jury verdict that included a license. 
Our appellate role is to decide whether the jury verdict 
was supported by substantial evidence as presented at 
trial, not to rewrite the trial script as we might have 
tuned it to our taste. See Brooktree Corp. v. Advanced 
Micro Devices, Inc., 977 F.2d 1555, 1570, 24 USPQ2d 
1401, 1411 (Fed. Cir. 1992) (when there is sufficient 
evidence to support the jury verdict in light of the en- 
tire record, the verdict must stand unless the evidence 
permits only one reasonable conclusion.) The damages 
verdict is readily sustainable if construed to include a li- 
cense for the remaining two to three years of patent life. 
The evidence before the jury well supports the magni- 
tude of the damages award. I would affirm the verdict 
on that basis. 

D. The Research Exemption and Research Tools 

The panel majority states that acceptance of a com- 
mon law research exemption [*49] would eliminate 
patents on "research tools." That is a misperception. 
There is a fundamental distinction between research into 
the science and technology disclosed in patents, and the 
use in research of patented products or methods, the so- 
called "research tools." 

A research tool is a product or method whose pur- 
pose is use in the conduct of research, whether the tool 
is an analytical balance, an assay kit, a laser device (as 
in Madey v. Duke University), nlO or a biochemical 
method such as the PCR (polymerase chain reaction). It 
is as subject to the patent right as is any other device or 



method, whether it is used to conduct research or for any 
other purpose. Use of an existing tool in one's research 
is quite different from study of the tool itself. 

nlO Madey v. Duke University, 307 F.3d 1351 
(Fed. Cir. 2002) concerned the use of a patented 
laser device for the purpose for which it was made, 
not research into understanding or improving the 
design or operation of the machine. The facts of 
Madey v. Duke do not invoke the common law 
research exemption, despite the broad statement 
in that opinion. I do not disagree with that deci- 
sion on its facts; I disagree only with its sweep- 
ing dictum, and its failure to distinguish between 
investigation into patented things, as has always 
been permitted, and investigation using patented 
things, as has never been permitted. 

[*50] 

My colleagues on this panel appear to view the 
Integra patents as for a "research tool." That is a mis- 
definition. The RGD-containing peptides of the Integra 
patents are not a "tool" used in research, but simply new 
compositions having certain biological properties. The 
Scripps/Merck syntheses and evaluations of new RGD 
peptides were not use of the Integra products as a re- 
search tool. 

The majority states that this issue is not before us, 
that "the district court did not instruct the jury" on the 
question. However, the question was before the district 
court, who held that the common law exemption applied 
to one Scripps experiment in 1994, but to nothing else. 
The issue was before the district court, and counsel ex- 
plained at oral argument that they were not pressing this 
argument "in part because of a very recent case." Since 
the question was fundamental to resolution of this case, 
it cannot be ignored. 

Conclusion 

I do not attempt to resolve, for all technologies and 
circumstances, the application of the research exemption 
or the point at which research into patented technology 
loses the immunity that the common law has always pro- 
vided. However, the basic research here performed was 
[*51] within the common law research exemption, and 
the development shielded by § 271(e)(1) took up where 
the research exemption left off. Thus the accused activ- 
ities were either exempt from or immune from infringe- 
ment. 



LexisNexis™ fp LexisNexis™ |P LexisNexis™ 



<3 

-2 



2 

co 



7§fl 

5 

E 

O a ed 
c ox 

2 5* 

to w 
o ca _„ 
"How, £> 

C O o 



— o o o g £ c 

"O — O e rt 63 



d> « 15 22 = 



g:2 R"§§ 8*8 8 



_ WJ tf) 

'C O 

ill 



o 

5 £ 



©C l0 » O** o C 

^ o u q, >>T3 « -o ^ 2 



g 2 8 I S 10 -f= « 

.2P C* a) - o ~ 



8-5*5 25 g-5 *f 8 £.■ 



- «"2 

Z » c 
X 2 ea 

" K 



.5 |8,5-| 

S . |s §1 

— * 'Jz £ g -° 
C-2 O y 3 ea 

< « w = 
£ .HQ E 



2*: § 

£ J « 

o *o 
> o c 
•£ 3 ea 

C 

o .E 
* o£ 




oo 

C7\ 



£ 2 £ 



5 y rt «^ . " g.E fe-g § - 
'5 " o .S * S 2 « «*S"H ^ ^ 



S 5 S .IS 



"o — ^ 



<a u c °"« 




i 3 « 8 

^ E o g 

SJ^ S 

X^* 5 o 

^ r- c 




E*o g ea 

3.-S8I 



ca 

ca ».£ « 
^ ea^ 

C 3 u. ^ 

g|S"5 



La ca 
CO . 

\o ca 

-o g - 
c o 
ca ^ , 

r- ^ 

^^a - 
so E 

in o 
3 



J: 

■8 O. ea c 
So g - = 
3 ea^""" 

3 « c 
° ca 

= o — 
3.5 



A ° o A 
"2 ? ea « 

tzi O *-« 



<.S.S 



.2 ioC: ~ 



?T3 O 



ea — » 
o - o 

*S. « ea 

O- c - • 

ea c *i « 



-D H ea ca . 



O S 3 |2 

15 ^ = 

CO 3 ea 

c 05 



2 > 

C3 O C 

C3J= 3 « 

So So 

wj w u. ca 



c 

"5 * o 

P g w E 

t r o 1 2 i« 

C C rt .£ C3 U 

<g «o ca c to 

*-> « w — *J *t3 

"5 . g j= u 
o m 3 ca o y 

5 8 of 2 



^ « -o JS ■ 
"2 oo'^'w* 

S.S^ 3 t 

.2 c § "3: 



« 3 o 5 
us c u ca 

o-o.S o 
c-- o « 

2 « w O 

— ea o-5 

o — o o 

•o ea c c 

«= cj o ca 



g«5 §2 35 

E^ c 
SP*55 o •« « ^ 

C ft>^!-2 o 

« c.c S « u 

o-E-o E w>*5 
<~ o £ bo.E « 
° g 



ca v 

3-5 



C 60 

S-.2 
.§'5 2 



fti s o r- ea ^. 



•5 2 rt e >> w 



° ca ^ 

•a .a 5 

G— w u C C.C u ^ c 

H 'c 
*n o c 



E « 



So 



>^ 0.0 g 

gc:g*:2« 

ca u > ^ g 5 
= 5 .§ S.g.2 

o c.2 w 3 rt 

3 _ C «i - 



» Cfl 

00 JO co i» 
C 3 • c 
*> <« X) .> 

ca w E o 

§ 01 8 

o « U O r 

^ c c o a. 

ea *g c fll © 

to s£ 



a ^c « 



.< «*H^2 8 E 



o &> ea 

E K^-g 

•£ « *° e 2 ^ Q 3 .E 
ca E2 



IT! gm 

*-* 3 



>•_. 5 60-; 

• s r2 J= C 2 

u 
ca 



*- t) 00 O « 

c o-a a o cj. 

a> 0 — So .a 

" - 3 ^ . 3 P 

_ f- rr _, c 



c -2 

(9 2.. 



ca o >> g . i 
o cx> !: £ 
*Sb° .Eg 

*= o 3 c ca 



U. ^ ' . 3 E 

&S S|f Jo 

o p c J > 
i2 o c o 



rs 

a 



'.5 S 



c c-o 2 



i£.= S-iS--2 Sis 



ON 
OO 

e> 



ea — 
5 oo cm 

2 M g 



8" 



I ^ 

1 n 



o -a 

o 
Q 



5« 



II 



S in 



2 c = - 

1*| olli 1 1 
is2 a .»i|i 

^■3-o.sJ S S S e 

.il*^ c s s s 

3 E S> c. = f 2 



« c 



1 r- !- c 



* 5 



~ rt o > 

o S*o « >>2 P 



E 1 



?g«S8.E|^^ 

2 w -2 .2 = ^0-0 
- o c 60 « o « « 
-x> — o eotrt 3 >%2 



II 

.S , vc 
u Eg ^ 



-3 ^ <U 



!.4c 



ca 6. L 

Sa ^ g « ° 
gl^S)« 

Q g] W w U 

o eg O ^ c 

2.i- « 



ca * « 



«> C 



_ .a^ff « a S5 d 

g-2-n o § s £ £ >, | {s ^-gg-g^S § 
c s ca ° tx: ca.ti gHta is^^.S 5 

o^.2.2 t= 



5 8^ o 

? c.: y c « a? w - 



ea f) 



^1 



ca o 



a. 

60 



g =.2 
J^ca 



ea 

ca ^ 

a « 



.0 



5 



E 

CO 



*S o 

si 

»- uT 

- w 

E.S 

5 s 
^ ca 

— x 
■ ca « 

o - 
o. c 

< s 



E > c 

ca ca ea 

KQ . 

1> 3 

C 'S 
t> g 3 

ca w 
ca o>< 

«-> ea 

o<.i 
.22 -C 
> OT 



w wX>*7? 



ea 

, o 

*60 
O 



C ea 



CO .2 
.Etux) 



c2 -S 



O O O 



c-d 



•o 

Sss r 

c *ca 
*3U 



S g o *53 



D* C X) 



S3 S 
x>tU 

< 



3 O ^ 

ui 

co o 3 

III 

w O.I; a 
ea g o g 

j2 ca ^ 

W5 U O 05 

hi 0 

W o w»g 
60^*5 U 

— (« u > 



Zoo 



w XTj2 
ca 60 



I L- l/J W 

5.2 

eH 

PS o o 



— ca w 

S o "C 

Jc c ** 

rt ca ^ 



ea K "O = 

5 3 ^ 



r- — C3 

§ 5-5 
o w 

o « 5 
o o rt 

O D. 0 



■5 5 S 



o 

111 

a o o 

or 1 



0 « ' T3 

*J O X o 
w O 4) > 
.« *0 w g 

S*o £ = 
0 g S « 
-o £ 
c J; c o 

2.2 

x: °- 0 h= 

» w *^ O 

«« c.22 t - 

8 « u | 
coo -c2 

0 c >^ 2 
-5 

o r= 3 

^ c o 



to »— » 

«2 



o c w q. o f T cao 
o ? «.£P^ g g " 



O-Egp 
g 3 E - 

M <D » O 

c.S2 ± 

sis 8 

eofi ao 

c . 



O C/2 

rr ca 

S b ti 
v ca x> 

g 3 

2 So 

o ea — 

3 w 73 

o _ 
x c w 

w > 



§ E 

o ? u 
uX13 C 



«2 — > c, 

O — "t3 in ^ L . 



u ca 



os;-2^c«3 Sw g 

*-co<u . . c *i *i -a ~ 



o ox 
sew 




« « tr* 

E-o 0 

O « 

g o *- 2 

• - w O r 
w O u O 
3 Q C 



I *-co 5! - • E ' 



ca ca 
o 



S <N ^ ^ O 

C; ca 



g 

•n op j- 

^C2 
o c 

^•a"8~ 
0 8*5 S> 
■5 (flX> « 

_ ^ u 
c 1,1 o 

2-§o c . 

£ O « ea-o 
g 83 S E-g ; 

-c&y i 

c3.2W^-g 



< ca 
E 



c 

ca 

c" 
ea 

E 



o 

Oh O 

•§ v 



-i » .0 m s "H 
00 g > K 



2.S 

CO I 

o 2 

°1 

O G 
tn ea 
,0 x 



o 
1 

s 



G 

"i 



S 

CO 



2 > 



•o o^ 

o g;^ 

--a 
x> c 
60 ca 

r- 



c o c 

o^ 2 

O On -o 

S § S 
tc c g 

E^-g 

«J= CO 

S.g>E 
§^2 

*2 g a 

co C M 

f5 s 

H o a. 
c^ a. 

o ca 



°i 

=1 

co o 

efl 
o 
CQ 



2 



O O 4> £ ~ ~ C^SS 

5 g g «»-2 o ^ 




^li!?|i|lL.iM^!g^lli;il s« 3 fas Ifl^ 5 ^ IM^^I^I" 




= 3 £ O 3 — . i2 5 w^t CW* 0*.= o O C S 



3 agS. g^^-rS ^6^8^§«§-f-.9 



■o 

(S 

a 

D 



on w en c U 

\ U W u U 

E o o u 

« 2 c J= 



E *ed *<3 

8c t 

c o PQ 
W S d « 

-SOW 
P'5 Q. 



"3.83 

,S o a. o td 

<D w rt c 
e 0 0 

C to u U u 

00 c E 8 g 

U CJ £ (fl C N w 

<_ i-T o u o ^ n 
o « o « ^ w 

is 



rt Si - 

3 s « 

00 O 0> 4> 

- § 2 2. 

C 

c -o -o w 

22 « S «« 

o c 

c55 D* cd 



u.i JL 00''' 

-o c 03 w o 2 
DO o .ti c *= rt 
w =*5 § d.- o 00 



if Ss"8 .^^ 

c g ^0^-0-5 



w 52 

cfl 3 

oca 



"5 a ^ 9H, 



" » S 



8. 

^ S> § § °-o5 o 
<f- T> .5 — c >> c 

*0 W w U. -Sh Q. 




6 « 6 rt £ 6 



« It C 4) mCL O u 



« o o £ ,5 a 



J V W3 W U Urn 



5 ^ w .3 o 

3 = 18,2 -gl 



S3 5 O T5 

52 o,»h o s 



c o.S 2 «^.2 » 

asssgs-ss 

r w 3£ to 



* 5 o c ^- *5 -2 



« .2 .2 — - 

5^0 cxg 
^ rt -s o£.s 

jc = -° — >* S 

> CO 3 «JD c 

> y «5 o 1 c 
00*00 "5b o *« 




51 &■ 



o o .0 .> 

. 2 « 2 « 
o c 

«ES« 2 S3 ? 

SoS § sis. 

|.2 g| 



» S E ^ a S-2 
5 2 « E SPJiS-S-I 




|.2 g| 

!jHl!ll: 



w X) c o few, o W 



ft. 



SO 
O 

o 



cd « O 
C ^) 00 

.2 — 
~< v. 

rt"0 3 
C C »- 

t« IT 
o m 
c .-o 

^ « ed 

■5 II 2: 



.2 «d 



> CO 

8 8 I * 



2.2 * 

.2-8 



-o *c 
0 2 

5 * s 
^.sS g 

cd c 4t 
.2 « H ^ 

2? c«-.2 



ja jo 00 ^cd 

S ^ — » * 

^ 1 1 

0 - ^ w 

U U >T3 
3 3 w j2 

C E S g 

g ro 8 

1 u > i2 
g g 3J§ 
i: 00 ed *n 



* £ i .. 

3 c 2 o 
8 E-2P« 
rt « 01 

ed 



o J3 s: 
o — 

3 « u 

00.2 



£ «- " ^ cd 
u c ^ ^ 
§ " 

ed g « E-g 

O ed ed E "P 
w X o o "5 

.2 c 1 - ^/-k 
w o cd dqS^ 
o *- jz .5 00 

£ .2 ^ 8» 
8 rt E.S o 




0 o w -* 
-o a. E jo 

ed^JS « 





c c w O..S 

- u * - 



cd rt*^-^ 
O. £ "C ed 

c E 
§ 52 Sg 



CO « 



Cft tft 



c c E.i rt a E *t; — " 



w w *-» 



3 2?. 

ij 
2- 



£ o o x> cd ! 



S 



o ^- -r w ^ a) - 



00 ™ o 3 tt g a. jc 



.t; i o u ^ 

s If s.i 

«» 3 O k> 



— 5 

cd cd 

cd J2 
c o 
so 



o 

-a w j 
cd i; 



o 
4> "O 



O 5 
CO U 

il 

C w 

3 cd 
C 

cd _ 

£ 

_ b 
cd 



O cd 
o 

w « rt E 
* j > c ~ 



— ' eft [A 



* — 2 

cd S 

- 15 s £ t 

" -5 

■£ cd cd_; 

5 83* 



° « e 2 8 

. -5 0 CO C 

ti-^f s 

Cft Cft cd — 

Eg «=5 » 

c u.3 2 ■ 
.2 °C-aS 

« £ = c 



0 e *>.g<2 « 
cd — S . " LJ _£= 



^ w os5 o <d 
£ ,ti « c ^ -e 

C w CJ O > 

a 



S_:-3'S.» 3 5»~ - S 8 JS 



s 6 S ) 



2^ 

"o £ c 
W o 
o o 5 

*3 i 



^ « C fl 
^ O 3 C 




3 S * £ S 





^•5 « 8-2 .£ 2 

_ O cd 3^*5 

> £ o « £ 

c> ed j- cl j2 w 



3 « 

S 3 3fh 



I -2 

.2 o 
g e 



'5 "5 
op— 

83 
E 1' 

H 



i 2 



_ = 2 o cd w 

2 « js ed ed 

^o-g^-2| o 

3 ^-s: « P o 
= U « g - 



op: 



S 

«© 

s o 

cS 



o 
u 

« *r» c £ 3 .2 » 
g rt -a c E^ 



1 o 



O 3 % .tS .£ — 



i P 



O w 00 tft « w C 




00 

» c3 



tft (ft 

.2 "° 

Z cd 

to 1- " 
CQ 





2 3-° « £_5 

>P*— o ^ 

•O 5 ^ T . — l-i C ^ 

c 

cd 



cN 

-gcN 

tft «o 
^ OO 

Q 



Ed, o 5 

o 0 3 £ 
« u i 



> u.r-^ 8 #£ 

2 on ifl u 5 « 

ouc^o x.2 



- 1 = E ?- J! « c 

c h c *— .« w w 5 
o£'-.2£ ~ c o o 

■- • - « cn 073 rj 



y o " ' *c o 



O O 3.5 



■3 2 *■ 2 
o. E > * -5 



2-* <£ 
o •< U 

o BO 



o o 

— 3 

o cr 
c o • 

tail S 

8 3 8. 



o o w 3 5_ 



■t, cft D _ 

tS-o 1- £ 

3'S 



ST.T rt 8 

u o <2 « 

>> C CO u 

^l&8 



X <D ~ <*- O 

' > ° C 

« c o - 2 

>T3 O c rt-S 3 g O 

, -C o _ JO ^ 



Eos 1- 50/3 u. £,2^ o c rj t\ 

«> flu • JZ Q. • J= u C .SO 



'so 

O cd 

£ 

•O Cd 



c2 E «)S . 

cd u C tftCN 



S.I1 
£5 S 



2 5 



0S5E 



.8 8. 



2 c 

"2 cd 

Cj 4> 



C O 4> • - cd X> 

td-g w.2c o 
£^8 2 

o-H g °-° 

•a cd c *o 
u o c«= - o 

« tft O O - 

--8 .£ 
H g g S 



5«| 

■5§|i 

w O ^ ' 

s So" 3 



g c JO 
t O 3 
O • -3 tft 

U 



^8 
co £ 

-in 2 

,2,^ E 



6 00-5 

WO 



38^ 



o cd 

4-> ^ 



-S o E 



O cd 
45 

8^ 

o-c 

« .S2 

.JO 

t- ^ 
o a, 
ti ^ 
C cd 
-C 

** - w g 

>>";.2 

s « s 

cd wi o 



C 'o 



S « 

O rt 

-o.fr 

«*2 

o c 
ZS 

-0 
t> , 

00 M 

3 Si 



•s 

o 



6 



7 £ 

o « 

00 o 

^ -a 



o 
o 

a 



S. 

.2 

s 

<u 

>- 

c 



r 



o cd 



2 |2 >,-a---£ 



• cd 



!E2S 



C 3 



£^ 



C9 . , 

c o 



-5.2 w 

- * c « 
o> *a SS » rt » 

3 - § S ^-K-g^ 
E S o. I 0. 0 " 

Cd cn X — , 



0.2 

C 



w 1. •* c a, 

•So £^^^ - 0 



-*a - ^ 

C w w 3^ CJD 



i.S s 



5; s= 

q «3 5 - 



w tj ' c O = _ 

2-«§2S.g5Sa 



-JO603>»Ctft - £ 



